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ABSTRACT 
 
 
 
On April 20
th
, 2010, a fire broke out on the Deepwater Horizon (DWH) offshore oil drilling rig 
on the Macondo prospect located off the coast of the Gulf of Mexico (GOM).  This fire and resulting 
explosions resulted in the sinking of the Deepwater Horizon rig and the largest marine oil spill in history.  
An estimated 4.9 million (+/- 10%) barrels were released into the Gulf of Mexico over the ensuing 87 
days.  Many economically important fish species spawn in northern Gulf of Mexico waters; the spawning 
seasons and pelagic larval phase of many of these species occur within the temporal extent of the DWH 
oil spill (April through July).  Fish eggs and larvae in waters exposed to Macondo oil likely experienced 
lethal and sublethal physiological effects, leading to potential losses in year class strength depending on 
the proportion of a population’s larval production encountering oil.  Differing spatial distributions of 
larvae due to different spawning locations and seasons could predict that some species were 
disproportionately affected by the DWH oil spill.   
This study aims at quantifying the impact of the spill across numerous taxa, by estimating the 
proportion of species-,  genus-, or family-specific fish larval abundances  located within the 
spatial/temporal domain of the DWH spill until the Macondo well was capped.  Estimates and related 
uncertainties were based on empirical ichthyoplankton data collected over 27 years and on observed and 
modeled distribution of surface oil slicks and concentrations.  In addition, two hypothetical oil spills were 
simulated on the Western Florida Slope and on the Western interior of the Gulf of Mexico to assess the 
impact of oil spills to the ichthyoplankton from different offshore locations that would have occurred 
during the DWH spill period.  
Ichthyoplankton data collected during annual plankton surveys (and other resource surveys) as 
part of the Southeast Area Monitoring and Assessment Program – Gulf of Mexico (SEAMAP) during 
years 1982-2009 were used to describe the composition and distribution of ichthyoplankton in the 
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northern Gulf of Mexico.  The SEAMAP larval fish data along with oil surface distributions (both actual 
and simulated) were used to estimate the proportions of larvae of 115 selected fish taxa that were 
potentially exposed to DWH oil.  Bootstrapping methods were applied to the SEAMAP data to quantify 
the variability.     
Proportions of larval fish potentially exposed to oil were calculated for four oil spill scenarios:  
(1) the DWH spill, (2) an September-December oil spill with the same spatial footprint as the DWH spill 
but occurring later in the year, (3) a west Florida Slope spill occurring during the months of April-July 
and centered at 27˚N, 85˚W, and (4) a western GOM spill occurring during the spring and centered at 
27˚N, 93.5˚W.  Spill scenarios (3) and (4) were modeled using the Connectivity Modeling System (CMS).  
The CMS is a Lagrangian model which predicts oil droplet distribution and degradation based on oil 
properties and ocean currents. 
Significant differences in the proportion of larvae potentially exposed were found in the DWH 
spill and the three simulations.  The proportion of fish larvae exposed to the DWH spill varied between 
0% (many species) and 26.8% (Cynoscion nebulosus).  The proportion of fish larvae exposed to simulated 
spills varied between 0% and 78.9% (Bonapartia pedaliota in Western GOM spill).   
Both the west Florida Slope oil spill and the western GOM spills had a disproportionally greater 
impact on a larger number of taxa than the DWH spill, even after correcting for their larger spatial extent.  
For the DWH spill (Scenario 1), the potentially most impacted taxa were Cynoscion nebulosus, 
Engraulidae, Rachycentron canadum, and Etropus spp.  If the DWH spill had occurred in the fall 
(Scenario 2), the most potentially impacted taxa would have been Leiostomus xanthurus, Elopidae, and 
Pomatomus saltatrix. 
For a west Florida slope exposure (Scenario 3), the potentially most impacted taxa would be 
Holocentridae, Acanthocybium solandri, Coryphaena spp., and Pomacanthidae.  For a western GOM 
spill (Scenario 4), the most potentially impacted taxa would be Bonapartia pedaliota, Thunnus thynnus, 
Caranx spp., and Holocentridae..   
 ix 
 
The historical SEAMAP data set combined with the CMS modeling tool provides a powerful 
planning tool to understand the potential impacts of oil spills in the northern GOM and the relative 
sensitivity of locations in the Northern GOM to oil spill effects.
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CHAPTER ONE: INTRODUCTION 
 
 
 
The northern Gulf of Mexico (NGOM) is home to over 1,300 different fish species (Felder ed. 
2009).  Almost one fifth of the value of USA commercial fisheries ($5.5 billion) was derived from Gulf of 
Mexico (GOM) fisheries in 2013, dominated by shellfish, Gulf Menhaden (Brevoortia patronus), Red 
Snapper (Lutjanus campechanus), Red Grouper (Epinephelus morio), Striped Mullet (Mugil cephalus), 
and Yellowfin Tuna (Thunnus albacares); NMFS Fisheries of the United States 2013.  Additional GOM 
species of economic and recreational importance include Atlantic Bluefin Tuna (Thunnus thynnus), King 
Mackerel (Scomberomorus cavalla), Red Drum (Sciaenops ocellatus), Spotted Seatrout (Cynoscion 
nebulosus), and Common Dolphinfish (Coryphaena hippurus) among others.  The spawning seasons for 
these fish species are highly variable as are their spawning strategies.  For example, Red Snapper are a 
batch spawner with an extended spawning period lasting from April through September, Gulf Menhaden 
are a winter offshore spawner with currents carrying larvae to  nearshore waters, and Atlantic Bluefin 
Tuna are a highly migratory species with spawning occurring in the GOM from mid-April through mid-
June (Gallaway et al. 2009, Vaughan et al. 2007, Magnuson et al. 1994, Grimes et al. 1990)  
On April 20
th
, 2010, a fire broke out on the Deepwater Horizon (DWH) offshore oil drilling rig 
on the Macondo prospect located off the coast of Louisiana (McNutt et al. 2012, Lubchenco et al. 2012).  
The fire and resulting explosions resulted in the sinking of the DWH rig and the largest marine oil spill in 
history.  An estimated 4.9 million barrels (+/- 10%) were released into the GOM over 87 days (McNutt et 
al. 2012).  While a number of studies of the fish populations occurring in the vicinity of the oil spill have 
been conducted, this study is unique in that it estimates, across numerous taxa, the proportions of fish 
larvae by species, genus, or family that were within the spatial domain of the spill as well as provide a 
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model that can estimate proportions located within the spatial domain of any hypothetical modeled oil 
spill. 
The polycyclic aromatic hydrocarbons (PAHs) in crude oil, including the Mississippi Canyon 252 
(MC252) oil from the DWH spill, have been shown to cause cardiac defects in early life stages of fishes 
and a variety of other impacts on fish larvae, which are an especially vulnerable life stage to exposure to 
crude oil (Carls et al. 1999; Incardona et al. 2004; Hicken et al. 2011; Incardona et al. 2013).  Thus, fish 
larvae are considered to be highly vulnerable to lethal and sub-lethal exposure even at very low levels of 
hydrocarbon exposure.   
Quantifying the proportion of larvae in each taxon that likely co-occurred when oil was present 
from the spill can provide a bounding estimate on the proportions of larvae that were potentially affected 
by the DWH spill and is thus vital for understanding potential effects on recruitment of larvae and year 
class strength, given the importance of larval supply to determining adult population success (Houde 
2008). 
The Southeast Area Monitoring and Assessment Program – Gulf of Mexico (SEAMAP) program 
was initiated in 1981 in collaboration between NOAA’s National Marine Fisheries Service and the five 
Gulf States to build a fisheries-independent database from annual resource surveys in the Gulf of Mexico. 
Plankton sampling and environmental data collections were components of those surveys. Subsequent 
analysis of SEAMAP plankton samples yielded data on the abundance and distribution of the larvae of 
over 340 taxa of fishes from 1982 to present (Lyczkowski-Shultz et al. 2013).  Eighteen families of bony 
fishes comprise 90% of the counts identified to the family level (Figure 3) from bongo methods.   
SEAMAP data has historically been used to characterize ichthyoplankton abundance and ecology in the 
Gulf of Mexico (Hanisko et al. 2007; Johnson et al. 2009; Marancik et al. 2012).   
The main assumption is that the historical spatial and temporal distribution of fish larvae can be 
used to predict differential spatial overlap with the spill.   
I propose to test the following null hypotheses: 
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1. H0: Because of the wide spatial distribution of fish larvae, the DWH oil spill had a negligible 
impact on the larval production of any particular species that spawn in the northern Gulf of 
Mexico during the months of April through July. 
2. H0: The spatial distributions and abundances of fish larvae are seasonally stable among years, and 
thus data from the 1980s are equally informative about the likely impacts of DWH as are data 
from the 2000s 
3. H0: Any oil spill, no matter when it occurs, would similarly have a negligible impact because of 
the wide distribution of marine species’ larvae 
4. H0: Any oil spill, no matter where it occurs in the GOM, would similarly have a negligible impact 
because of the wide distribution of marine species’ larvae 
5. H0: There are no spatial or temporal diversity “hot spots” for larval fish distribution within the 
GOM where an oil spill would have a significant impact   
To test the above hypotheses, I use the historical SEAMAP data set and the known surface 
distribution of oil for the DWH spill (Murawski et al. 2014), and calculate the intersection of these data 
sets.  This allows me to predict and test differential species-specific effects.  Furthermore, I use 
simulations of three additional spills [(2) September-December spill with the DWH footprint, (3) West 
Florida Slope (WFS), (4) western Gulf of Mexico (WGOM)] to assess the sensitivity of species-specific 
effect to hypothetical blowouts located elsewhere in the NGOM and/or occurring at other times.  
Additionally, I calculate species richness and the Shannon’s diversity index to identify biodiversity 
“hotspots”, or spatial areas and corresponding seasons where large numbers of taxa may be especially 
vulnerable to an oil spill.  
 These results are intended to inform the creation of robust planning tools to assess the 
vulnerability of fish populations in the GOM.  Such planning tools can also inform oil spill response 
relative to future spills, and thus long-term oil exploration and development policy in the Gulf of Mexico. 
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CHAPTER TWO: METHODS 
 
 
 
SEAMAP Ichthyoplankton Sampling Protocols 
Ichthyoplankton samples are collected during annual SEAMAP resource surveys.  There are over 
300 “standard” SEAMAP stations, the majority of which are located at the center of 0.5˚ latitude and 
longitude grids with some station locations being more closely spaced near the continental slope edge.  
The stations cover the northern Gulf of Mexico starting at the 30 m isobath (Figure 1).  Not all stations 
are sampled on every survey and not every survey is completed every year (Table 1).  The number of 
stations sampled per year has varied from 275 to 525, with the average being of 334 (Figure 2).  The 
majority (60%) of samples are collected during dedicated plankton surveys conducted in mid April to 
early June (most sampling in May) and late August to mid October (with most sampling in September), 
an additional ~25% are collected during groundfish (trawl) surveys mostly during two distinct 
timeframes, mid June through July, and mid October to late November.  Five per cent were sampled 
during winter surveys.  
Two standard plankton nets, 61 or 60 cm diameter bongo (0.335 mm mesh) net and 1 x 2 m 
Neuston (0.950 mm mesh) net, are used to collect ichthyoplankton samples during SEAMAP surveys (see 
Lyczkowski-Shultz et al. 2013 for a complete description of SEAMAP plankton sampling methods).  This 
study used samples collected via bongo methods for abundance calculations because they integrate the top 
200 m of the water column and thus likely will give a more accurate suite of species than the Neuston 
method, which only samples the surface 0.5 m.  Bongo net samples provide data on the larvae of a wider 
range of fishes then Neuston net samples which target a smaller and more specialized segment of the 
ocean.  SEAMAP plankton samples are sent to the Sea Fisheries Institute, Plankton Sorting and 
Identification Center of Gdynia and Szczecin, Poland where they are sorted for fish eggs and larvae and 
the ichthyoplankton are identified to the lowest taxonomic level possible (Rester 2012; Hanisko 2013; 
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Lyczkowski-Shultz et al. 2013).  Samples of excessively large plankton volume are aliquoted before 
sorting.  Counts, as well as the proportion of the sample processed, are then added to a Microsoft Access 
database (SEAMAP database) (see Lyczkowski-Shultz et al. 2013 for a complete description of SEAMAP 
record creation).   
Two types of records included in the SEAMAP database are used in this study: the taxon record, 
a unique combination of taxon, station location, and cruise information, and the station record, a unique 
combination of the station sampled and cruise where the sample was obtained.  A taxon record is created 
for each species found in a sample along with the count of that taxon found in the sub-sample.  For the 
purposes of this study, the phrase “station record” represents the fusion of the station-specific data and all 
associated taxon records.     
 
Selection of Taxa Included in this Study 
 Under SEAMAP ichthyoplankton protocols, fish larvae are identified to the lowest taxonomic 
level possible but for many specimens that means identification only to the genus or family level.  One 
reason for this is because the larval stages of only ~40% of fishes found in the GOM have been described 
(Richards 2005; Fahay 2007).  Additionally, often specimens are damaged during their collection, making 
precise identification even more difficult.   
Because only one taxonomic field exists in the SEAMAP database per taxon record and this 
column contains various levels of taxa, taxon level columns for “Family”, “Genus” and “Species” were 
added to the database for each taxon record.  Using sequential query language (SQL) queries and 
taxonomic classification provided by NOAA/SEFSC/NMFS/Mississippi Laboratories, higher taxon levels 
than were previously provided were subsequently added to taxon records.  Where a sample was identified 
to the species level, family and genus names were added.  The addition of these fields by this study 
ensures that a SQL query that selects for a family will include all records containing larvae identified to 
the family only, as well as records identified to genus and species that fall within that family.   
Additionally, some changes were made to the taxonomic identifications during the time series for 
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some taxa.  These changes principally involved larvae that were originally identified to a genus or family 
level early in the SEAMAP time series, but were later identified to a species level because only one 
species in that genus or family is present in the GOM.  The SQL queries were created to update the old 
identifications to the new identifications in order to use consistent identifications throughout the time 
series wherever possible, thus the records were updated with new determinations.  These identification 
changes as well as taxonomic groupings for the created genus and family columns were provided by 
Joanne Lyczkowski-Shultz, David Hanisko, and Lauren Jackson at the NOAA/SEFSC/NMFS/Mississippi 
Laboratories. 
This study includes the larvae of 115 taxa of fishes, from 46 families (Appendix 1) which 
represent only a portion of the over 340 taxa encountered in SEAMAP.  The taxa to be included were 
selected using the following criteria: (1) easily distinguishable from other taxa during identification, (2) 
prevalence in the GOM and in the SEAMAP database, and (3) consistent identification throughout the 
time series (Lyczkowski-Shultz et al. 2013).  Taxa, along with their cumulative non-standardized catch by 
month are given in Table 2.  In Table 2, the proportions of sample counts are shaded by months in order 
to highlight the difference among months, and the months of April through July are highlighted to show 
months when DWH oil was present.   
Some taxa were included with additional caveats.  Bluefin tuna was included to the species level 
due to the economic and management importance of this species, although they are generally difficult to 
identify beyond genus (Richards et al. 1990).  Only specimens identified as Thunnus thynnus in plankton 
samples from April and May were recognized as being Bluefin tuna larvae for this study as it is assumed 
that larvae identified as Bluefin tuna outside of these months were likely misidentified.  The spawning 
season of T. thynnus in the GOM is known to extend only from mid April through May (Muhling et al. 
2010).  Specimens identified as T. thynnus in plankton samples outside of April and May were recognized 
as belonging to the Thunnus genus.  Larvae identified as Ceratoscopelus maderensis were assigned to C. 
warmingii, - the only species in that genus found in the GOM and thus, it is assumed that these specimens 
were originally misidentified.  Bluefish (Pomatomus saltatrix) was included as this species spawns in the 
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GOM (Finucane et al. 1980), but the majority of spawning actually occurs in the Atlantic off the east 
coast of North America.  Spotted seatrout (Cynoscion nebulosus) is considered to be an inshore spawner 
and SEAMAP surveys do not adequately cover the entire spawning range of this species.  Sand seatrout 
(C.  arenarius) is also an inshore spawner that was included with the caveat that this taxon may contain 
the larvae of C. nothus because the larvae of these two seatrouts are difficult to distinguish from each 
other.  
 
Calculating Abundance from Station Counts 
The SEAMAP ichthyoplankton database includes station records that were collected and 
processed via SEAMAP methods and also records from some stations that did not follow the standard 
SEAMAP standard sampling protocols such as were obtained from non SEAMAP cruises.  This study 
included only valid SEAMAP samples and these were filtered using SQL queries from the SEAMAP 
database using the methods described in the SEAMAP documentation (Hanisko 2013).   
The calculation of larval abundance from the bongo sample counts recorded in the database must 
account for sampling effort (e.g. the actual volume of water strained and the maximum depth that the net 
was fished).  Abundance was calculated as number of larvae caught per 10 m
2
 of surface area which has 
been demonstrated to be a better estimate of abundance than number of larvae per volume filtered (Smith 
et al. 1977).  This calculation is described in detail in the SEAMAP documentation and other studies that 
have used SEAMAP data (Hanisko 2013, Lyczkowski-Shultz 2013).  Sampling effort for bongo tows is 
calculated taking into account the volume of water filtered during the tow, the maximum depth of the tow, 
and the proportion of the sample that was sorted.  Larval abundance for each bongo sample was thus 
calculated as (eq. 1), 
 
𝑎𝑏𝑢𝑛𝑑𝑎𝑛𝑐𝑒 = (𝑠𝑎𝑚𝑝𝑙𝑒𝐶𝑜𝑢𝑛𝑡 ∗ 𝑝𝑟𝑜𝑝𝑜𝑟𝑡𝑖𝑜𝑛 𝑠𝑜𝑟𝑡𝑒𝑑 𝑚𝑢𝑙𝑡𝑖𝑝𝑙𝑖𝑒𝑟) ∗ (
𝑚𝑎𝑥𝐷𝑒𝑝𝑡ℎ(𝑚)
𝑣𝑜𝑙𝐹𝑖𝑙𝑡𝑒𝑟𝑒𝑑(𝑚3)
) ∗ 10         [1] 
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where abundance is the number of larvae under 10 m
2
 surface area, sampleCount is the number of larvae 
sorted and identified from the sample, enumerated, and recorded in the SEAMAP database for each taxa 
and sample, maxDepth is the maximum depth of the tow, and volFiltered is the volume of water filtered 
during the tow, determined by the flowmeter attached to the bongo net (Hanisko 2013).  The proportion 
sorted multiplier term is the reciprocal of the fraction of the sample that was sorted; it is 1 when the entire 
sample was sorted.  Multiplying the sampleCount by the multiplier provides the estimate for the total 
count of the entire sample.  These abundances were calculated for all data records using SQL queries. 
 
Calculating Standardized Abundance Indices 
The SEAMAP sampling grid is not uniformly sampled every year or season (Table 1; Figure 2).  
Some stations may be sampled more than once and some stations may be skipped due to weather at the 
sampling station.  Some years tropical storms and/or research vessel related problems can cause major 
loss of sampling (sea) days.  In order to make calculations based on the aggregate data, the abundance 
data needed to be standardized in terms of unit space and time.  Since SEAMAP taxon records are only 
created for each taxon that is encountered in a sample, SQL queries were used to create zero abundance 
taxon records for every station and taxon.  Each station record contains the same number of taxon records, 
one for each identified taxon, with zero abundance values for the taxa not found in that sample and 
abundance values for taxa found in that sample.   
To standardize the data in terms of space and time, I used a two-step algorithm to compute 
average abundance.  For standardizing in unit space, all taxon records (including zero abundance records) 
were grouped into standard gridded blocks of 0.5˚ latitude x 0.5˚ longitude (Figure 1).  The mean 
abundance was calculated by averaging all of the station data falling within each half-degree square by 
year and month.  For standardizing in unit time, the standardized abundance was calculated by averaging 
all of the mean abundances (e.g. all years) within each half-degree square by month.  This results in an 
estimated standardized abundance for each taxon for each 0.5˚ square by month.  This two-step averaging 
method of standardizing the abundance gives all years used (1982-2009) an equal weight in calculating 
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the standardized abundance.  This method assumes that there are no temporal trends in larvae abundance 
in the GOM and that all years are equally valuable in predicting larval abundance.  This assumption was 
testing by examining trends in blocks of years over time (“Variability of Proportions” below). 
 
Proportion of Larvae Potentially Exposed to DWH Oil 
In order to test the first null hypothesis (H01), that the DWH oil spill had a uniform and negligible 
effect on fish larvae of various taxa, I estimated the proportion of fish larvae that were located within the 
area of the DWH spill during the time period of the spill.  To do this, I used existing oil distribution data 
(e.g. Murawski et al. 2014) and calculated the intersection of the oil spill map and taxon-specific maps of 
larval abundance. 
DWH Oil Distribution Map 
 
 Remote sensing via satellite and aircraft surveys has been used to characterize and quantify oil 
distributions in marine environments (Brekke et al. 2005).  A number of studies have used data from these 
surveys to understand the evolution of the DWH spill as a surface feature (Murawski et al. 2014; Kokaly 
et al. 2013; Garcia-Pineda et al. 2013; Leifer et al. 2012; Minchew et al. 2012).  One such study, 
conducted by NOAA binned the surface oil features on a daily basis, using not only the presence/absence 
of oil but a semi-quantitative estimate of oil thickness (density) as well.  In order to compute this 
weighted index of oil density per area, a weighting scale is used: 0 = no oil present, 1 = low levels of oil, 
5 = moderate levels of oil, 10 = heavy oil. Over the 87 day duration, the cumulative number of “oil days” 
per 10’ square cell is then (eq. 2): 
∑ 𝑑𝑒𝑛𝑠𝑖𝑡𝑦 𝑛𝑑,𝑗 d                   [2] 
where d = the day of the spill from April 20 until the last day (day 87) when the well was capped, densityd 
is the weighting factor in cell j for the oil density on day d, and n is the number of days over which the 
density was summed (87 days).  These data were aggregated into relatively precise 5’ square grid.  Thus, 
depending on the location, the cumulative number of oil days can vastly exceed the number of days oil 
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was present (87) and ranges from 0 to 572 “oil days”.  These procedures are described in Murawski et al. 
(2014). 
The relative concentration of the DWH oil spill has been modeled by as a function of oil days 
with the area affected being classified into five regions based on cumulative oil days cut points as above 
(Figure 4): 
0 = no surface oil present 
1 = low oil density (usually just sheens) 
2 = moderate oil density 
3 = persistent oil density 
4 = heavy oiling 
Due to the high level of toxicity to fish eggs and larvae even at crude-oil concentrations as low as 0.4 ppb 
(Carls et al. 1999), this study assumes that oil exposure to larvae in even low oil density areas could still 
have a negative impact on larval fish. 
 
Calculating Intersection of DWH Oil and Larval Standardized Abundance 
Data from years 2010 and 2011 were removed from the standardized (rastered) abundance of 
ichthyoplankton data in order to remove variability in larval fish distributions potentially introduced by 
the DWH spill.  Additionally, any rastered 0.5˚ longitude and latitude blocks with samples collected for 
less than five years were also removed.  The rastered station blocks that were used for the intersection 
calculations are plotted in Figure 5, these stations will be referred to as the “study area”.  The 
standardized abundances for each rastered station block were used to create eight additional records with 
the same standardized abundances.  These data points were offset from the mid point of each rastered 
block by 1/6
th
 of a degree in order to intersect with the NOAA oil level distributions (Figure 6).   
ArcMap ® GIS mapping tools were used to classify each of the 1/6
th
 degree rastered area blocks 
as belonging to one of the five NOAA oil levels (0-4) above.  MATLAB tools were used to sum 
abundances for the months April through July by oil density level.  The proportions of species 
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intersecting the various levels of oil density were calculated as the sum of the standardized abundance 
located within each block during the spill (months 4-7) divided by the total standardized abundance for 
the entire year in the entire Gulf of Mexico study area (Figure 5).  The proportion for each taxon was 
calculated as (eq. 3): 
𝑝𝑟𝑜𝑝𝑜𝑟𝑡𝑖𝑜𝑛 =  ∑ ∑ 𝑎𝑖𝑗
𝑚
𝑗=1
7
𝑖=4 ∑ ∑ 𝑎𝑖𝑗
𝑛
𝑗=1
12
𝑖=1⁄                  [3] 
where 𝑎𝑖𝑗 is the standardized abundance at the specified rastered block for the specified month, i is the 
month, j is the rastered block, m is the set of all rastered blocks within the oiled area, and n is the set of all 
rastered blocks in the entire study area. 
Variability of Proportion Estimates 
 
 The second null hypothesis (H02) states that the spatial distributions and abundances of fish larvae 
are seasonally stable among years.  I used a bootstrapping technique to describe the distribution of the 
estimates of the proportions of the fish larvae (?̂?) located within the area of the DWH spill during the time 
period of the spill.  Bootstrapping methods are used to estimate the variability in the distribution of a 
population with an unknown probability distribution (Efron. 1979).     
I created a MATLAB program to perform the bootstrapping procedure.  Individual SEAMAP 
station records (including abundance of fish larvae of all taxa found at that station) were selected 
randomly with replacement from the total data set of all station records collected during years 1982-2009 
within the study area.  Randomized station records were selected until the number of selected station 
records matched the total number of station records.  The same process (as detailed above) for calculating 
the proportion of larvae exposed to oil was repeated for the bootstrapped matrix.  This method was 
repeated 1,000 times.  The calculated proportions of fish larvae exposed to DWH oil for each of these 
1,000 iterations were used to construct a boxplot in order to measure the variability in the original 
estimate. 
To determine if trends existed in the proportion of larvae potentially exposed over time, the same 
bootstrapping procedure as detailed above was repeated for each taxon for five-year period blocks.  The 
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station records were divided into six consecutive five-year groupings and those records were randomized 
and resampled for a bootstrapping procedure with 1000 iterations for each group.  A boxplot showing the 
variability of this estimate was created for each taxon for each five-year period block. 
  
Proportions of Larvae of Fish Taxa Exposed to Oil from Hypothetical Spill Scenarios 
 In order to test the third and fourth hypotheses (H03, H04), that any oil spill no matter when or 
where it occurred would similarly have a negligible impact on the larvae marine fishes, I developed 
analyses to test the relative exposure to the various taxa of fish species to several hypothetical oil spill 
scenarios.  This study looked at three different hypothetical spills and compared results with the impacts 
estimated for DWH.  Two of these spills were provided by Claire B. Paris and David Lindo-Atichati from 
the Rosenstiel School of Marine and Atmospheric Science. 
 
Oil Spill Scenario #2 (September) – DWH Footprint – 1 September through 31 December 
The second spill scenario assumed the same geographic footprint of the DWH spill, but instead 
assumed that the spill occurred during 1 September through 31 December as opposed to 20 April through 
15 July.  The assumption was made that the oil geographic footprint would be the same as the DWH spill 
and thus did not account for differences in currents or climatology that could have changed the shape of 
the surface expression of the oil.  The same NOAA oil distribution was used as for the DWH study.  
Proportions of larvae of the selected taxa of fish exposed to the hypothetical oil spill were calculated 
using the same model in MATLAB as for the DWH oil Study. 
 
Oil Spill Scenario #3 (West Florida Slope) – CMS Model – 1 April through 31 July 
The third spill scenario assumed an oil spill with the same start date (April 20, 2010) and duration 
(87 days) as the DWH oil spill, but with a different starting location located on the West Florida Slope.  
The distribution of oil for this simulation was created using the open-source Connectivity Modeling 
System (CMS, Paris et al. 2013) adapted with an oil module described in Paris et al. (2012).  The CMS 
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uses a Lagrangian tracking scheme, which computes individual oil droplet trajectory based on its own 
terminal velocity (e.g., i.e., buoyancy defined by droplet size, shape, and density, and fluid viscosity), 
combined to the meridional and zonal ocean current velocities (u,v), and a random component to 
represent turbulent mixing.  Oil droplet distribution and density data are generated every three hours and 
incorporate the biodegradation of oil with time.  CMS has been used to estimate aerosols’ evaporation 
rates (deGouw et al. 2011) and the surface expression of the DWH blowout (LeHenaff et al. 2012), as 
well as to simulate the effects of dispersants, biodegradation rates under high pressure, and variable flow 
rate and on the subsea deep oil plumes (Paris et al. 2012, Lindo-Atichati et al. 2014).    
 The West Florida Slope (WFS) spill scenario was generated with a start date of April 20, 2010 
and continued for 87 days and was modeled with a starting location of 27˚ N and 85˚ W.  The climatology 
from April 20, 2010 to July 15, 2010 was used in this simulation.  This simulated spill is located on the 
Florida slope at an estimated depth of 1,000 m.  While there is no oil exploration or extraction activities at 
the current time in the area of the WFS, there are proposals to begin lease sales there.  This scenario tests 
the relative impacts on larval populations should the area eventually be drilled and a blowout of the 
magnitude of DWH occur there (Gohrbandt 2001). 
Although the far-field oil plume model includes depth of droplets, this study considered the 
surface distribution of oil in the upper 200 m to be consistent with scenarios 1 and 2 and with the vertical 
extent of the ichthyoplanton tows.  To build the oil distributions from the CMS model, oil droplets were 
assigned to 0.5˚ latitude x 0.5˚ longitude x 200 m bins and the sum of the weighted density for oil of all 
individual droplets (i.e., droplet diameter multiplied by droplet density) within each bin was calculated.  
These oil distributions were displayed in ArcMap and divided into four different classes based on the 
level of oil intensity.  In order to replicate the oil classes provided in the NOAA DWH calculations, the 
oil class breakpoints for this distribution were the same ratios of the maximum oil weighted density.  The 
cumulative surface density of oil from Scenario 3 (West Florida Slope) is plotted in Figure 7.  To 
calculate the proportion of larvae of various taxa of fishes exposed to this scenario, the fraction of the 
total larval abundance located within each oil level area (0-4) during the spill (April - July) was divided 
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by the total abundance for the entire year in the entire Gulf of Mexico study area as was done in when 
calculating the proportion of fish larvae exposed in the first two scenarios. 
 
Oil Spill Scenario #4 (Western GOM) – CMS Model – 1 April through 31 July 
   The fourth oil spill scenario assumed a start date of April 20, 2010 and continued for 87 days but 
was modeled with a starting location of 27˚N and 93.5˚W.  This simulated spill is located at about 960 m 
depth in the western Gulf of Mexico in an area where drilling is currently occurring and simulates an oil 
spill there.  The cumulative surface oil distribution for this simulation was also generated with the CMS 
(Paris et al. 2013), and the surface distribution of oil weighted density for this simulated spill was also 
calculated and visualized in ArcMap.  Breakpoints for the oil groupings were calculated using the same 
ratios as the NOAA study (Murawski et al. 2014).  The cumulative surface oil density from Scenario 4 is 
given in Figure 8.  The proportions of various taxa of fish exposed to this simulation were calculated in 
the same manner as in the previous simulations, where the fraction of the total abundance located within 
each area during the spill (April - July) was divided by the total abundance for the entire year in the entire 
Gulf of Mexico study area. 
 
Species Richness and Shannon’s Diversity Index 
To test the fifth null hypothesis (H05), that there are no spatial or temporal “hot spots” for larval 
fish distribution within the NGOM, I calculated species richness and Shannon’s diversity index for the 
SEAMAP bongo samples in each 0.5˚ grid cell.  Species richness and Shannon’s diversity index are 
measurements of variety of species and species diversity commonly used in ecological modeling.  They 
are defined here, and in more detail in Spellerberg et al. (2003). 
Species richness (S) is a measure of the variety of species in a sample where (eq. 4): 
𝑆 = 𝑅                    [4] 
where R is the number of distinct species in the sample.  For this study, S, was calculated for each 0.5˚ 
latitude and longitude square within the study area for each calendar quarter of the year. 
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 Shannon’s diversity index is a measure of the diversity of a sample, which incorporates the 
abundance of each species, and is based on communication theory to measure the uncertainty in species’ 
catch (eq. 5): 
𝐻′ =  − ∑  𝑝𝑖 ln 𝑝𝑖
𝑅
𝑖=1                   [5] 
where R is the number of species and 𝑝𝑖  is the proportion of individuals of the ith species in the dataset.  
In a theoretical dataset where all species are equally common, the Shannon’s diversity Index would be 
(eq. 6): 
𝐻′ =  ln 𝑅                   [6] 
As abundance becomes concentrated to only a few species, the Shannon’s diversity index approaches 
zero.    
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Tables and Figures 
Table 1.  Number of stations sampled via bongo methods by year and survey type.   
 
Year 
Spring 
Plankton 
Fall 
Plankton 
Winter 
Plankton 
Summer 
Groundfish 
Fall 
Groundfish 
Winter 
Trawl Other PERCENT 
1982 177 0 0 76 0 0 107 3.57% 
1983 129 22 15 59 36 0 15 2.74% 
1984 164 199 36 73 29 0 0 4.97% 
1985 34 0 0 94 27 24 120 2.97% 
1986 75 196 28 73 87 22 38 5.15% 
1987 87 131 0 74 50 0 0 3.39% 
1988 90 78 0 37 51 8 24 2.86% 
1989 86 78 0 40 71 7 28 3.08% 
1990 150 84 0 37 48 4 69 3.89% 
1991 61 74 0 48 50 7 7 2.45% 
1992 92 112 0 50 35 7 7 3.01% 
1993 121 120 101 50 39 5 5 4.38% 
1994 99 121 0 50 54 4 4 3.30% 
1995 142 117 0 29 29 0 36 3.50% 
1996 97 113 70 30 52 7 15 3.81% 
1997 111 116 0 56 27 7 7 3.22% 
1998 71 42 0 10 28 0 0 1.50% 
1999 88 136 0 44 50 5 5 3.26% 
2000 86 136 0 54 50 7 7 3.37% 
2001 96 141 0 46 8 13 55 3.56% 
2002 90 94 0 58 53 3 13 3.09% 
2003 49 142 0 40 55 7 13 3.04% 
2004 45 105 3 52 43 6 18 2.70% 
2005 6 0 0 38 57 0 151 2.50% 
2006 86 118 0 49 41 6 6 3.04% 
2007 117 141 0 49 26 0 35 3.65% 
2008 102 73 133 47 36 0 34 4.22% 
2009 148 121 103 53 37 0 7 4.66% 
2010 117 138 0 0 0 0 21 2.74% 
2011 0 0 0 46 0 0 195 2.39% 
Total 2816 2948 489 1462 1169 149 1042 10075 
Total % 27.95% 17.01% 3.40% 10.52% 9.40% 1.32% 9.37% 
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Table 2.  Number of stations sampled via bongo methods by month and survey type.   
 
Month 
Spring 
Plankton 
Fall 
Plankton 
Winter 
Plankton 
Summer 
Groundfish 
Fall 
Groundfish 
Winter 
Trawl Other PERCENT 
1 0 0 75 0 0 0 58 1.32% 
2 0 0 161 0 0 0 42 2.01% 
3 65 0 104 0 0 0 114 2.81% 
4 795 0 0 0 0 0 38 8.27% 
5 1726 0 0 0 0 0 141 18.53% 
6 226 0 0 692 0 0 6 9.17% 
7 4 26 0 761 0 0 21 8.06% 
8 0 359 0 9 0 0 118 4.82% 
9 0 2362 0 0 60 0 133 25.36% 
10 0 201 0 0 616 0 121 9.31% 
11 0 0 28 0 481 20 121 6.45% 
12 0 0 121 0 12 129 129 3.88% 
Total 2816 2948 489 1462 1169 149 1042 10075 
Total % 27.95% 17.01% 3.40% 10.52% 9.40% 1.32% 9.37% 
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Table 3.  List of 115 taxa included in this study and corresponding cumulative abundance (sum of all 
abundances [# / 10 m
2
] from all bongo stations) over the 1982-2011 time series.  Proportion of the 
cumulative abundance caught by month is given and shaded by graduated colors. 
    
 
Taxon 
Cumulative 
Abundance 
Month 
1 2 3 4 5 6 7 8 9 10 11 12 
Acanthuridae 3975 0.00 0.01 0.01 0.30 0.51 0.01 0.00 0.02 0.10 0.02 0.01 0.01 
Apogonidae 27546 0.04 0.00 0.01 0.04 0.10 0.05 0.01 0.05 0.59 0.08 0.01 0.00 
Bothidae 187434 0.01 0.00 0.01 0.03 0.11 0.09 0.09 0.08 0.38 0.14 0.05 0.01 
     Bothus spp. 48119 0.03 0.01 0.00 0.04 0.15 0.05 0.04 0.11 0.39 0.10 0.06 0.01 
     Engyophrys senta 16428 0.00 0.00 0.00 0.00 0.06 0.12 0.08 0.09 0.41 0.22 0.03 0.00 
Bregmacerotidae              
     Bregmaceros spp. 1117262 0.02 0.02 0.02 0.04 0.16 0.11 0.08 0.06 0.27 0.14 0.08 0.01 
Carangidae 543235 0.00 0.01 0.01 0.02 0.06 0.10 0.23 0.06 0.47 0.04 0.00 0.00 
     Caranx spp. 28092 0.00 0.00 0.00 0.04 0.37 0.19 0.25 0.04 0.11 0.01 0.00 0.00 
     Chloroscombrus chrysurus 331043 0.00 0.00 0.00 0.00 0.00 0.10 0.30 0.08 0.51 0.02 0.00 0.00 
     Decapterus punctatus 82830 0.00 0.00 0.00 0.07 0.06 0.03 0.01 0.03 0.68 0.09 0.01 0.00 
     Oligoplites saurus 411 0.00 0.00 0.00 0.01 0.06 0.42 0.41 0.05 0.04 0.00 0.00 0.00 
     Selar crumenophthalmus 21759 0.00 0.00 0.00 0.01 0.10 0.06 0.04 0.06 0.54 0.16 0.03 0.00 
     Selene spp. 14733 0.00 0.00 0.00 0.00 0.02 0.10 0.16 0.15 0.51 0.06 0.01 0.00 
     Seriola spp. 1740 0.00 0.00 0.00 0.09 0.38 0.11 0.06 0.04 0.22 0.07 0.04 0.00 
     Trachurus lathami 12606 0.11 0.36 0.20 0.06 0.10 0.03 0.04 0.03 0.02 0.02 0.01 0.03 
Carapidae 8364 0.00 0.00 0.02 0.05 0.12 0.03 0.01 0.09 0.52 0.09 0.05 0.02 
Chaetodontidae 660 0.01 0.03 0.00 0.13 0.34 0.06 0.01 0.01 0.19 0.08 0.12 0.01 
Chlorophthalmidae 2486 0.00 0.00 0.00 0.25 0.37 0.05 0.02 0.06 0.19 0.04 0.01 0.00 
     Chlorophthalmus agassizi 1485 0.00 0.00 0.01 0.25 0.38 0.04 0.00 0.03 0.23 0.04 0.01 0.01 
Clupeidae 927752 0.02 0.04 0.10 0.01 0.01 0.10 0.10 0.05 0.28 0.07 0.18 0.04 
     Brevoortia spp. 298900 0.03 0.10 0.24 0.00 0.00 0.00 0.00 0.00 0.01 0.11 0.42 0.09 
     Etrumeus teres 37035 0.05 0.07 0.50 0.11 0.09 0.00 0.00 0.00 0.00 0.00 0.10 0.08 
     Harengula jaguana 60409 0.00 0.00 0.00 0.00 0.02 0.40 0.13 0.08 0.16 0.06 0.15 0.00 
     Opisthonema oglinum 294232 0.00 0.00 0.00 0.00 0.00 0.08 0.25 0.10 0.52 0.01 0.03 0.01 
     Sardinella aurita 128051 0.00 0.00 0.00 0.05 0.05 0.07 0.02 0.06 0.60 0.14 0.00 0.00 
Coryphaenidae              
     Coryphaena spp. 4346 0.00 0.01 0.01 0.14 0.50 0.12 0.03 0.02 0.13 0.02 0.03 0.00 
Cynoglossidae 357634 0.00 0.00 0.00 0.00 0.03 0.11 0.17 0.07 0.46 0.12 0.03 0.00 
     Symphurus spp. 339651 0.00 0.00 0.00 0.00 0.03 0.11 0.16 0.08 0.47 0.11 0.03 0.00 
Elopidae 1019 0.01 0.01 0.01 0.01 0.02 0.04 0.01 0.01 0.13 0.41 0.31 0.04 
Engraulidae 1113815 0.00 0.00 0.01 0.01 0.05 0.15 0.29 0.09 0.36 0.04 0.01 0.00 
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Table 3.  (Continued) List of 115 taxa included in this study and corresponding cumulative abundance 
(sum of all abundances [# / 10 m
2
] from all bongo stations) over the 1982-2011 time series.  Proportion of 
the cumulative abundance caught by month is given and shaded by graduated colors. 
    
 
Taxon 
Cumulative 
Abundance 
Month 
1 2 3 4 5 6 7 8 9 10 11 12 
Gempylidae 20087 0.02 0.02 0.02 0.20 0.49 0.04 0.01 0.03 0.09 0.05 0.02 0.02 
     Diplospinus multistriatus 12913 0.02 0.03 0.02 0.20 0.52 0.04 0.01 0.02 0.04 0.03 0.02 0.03 
     Gempylus serpens 2381 0.00 0.01 0.01 0.30 0.47 0.02 0.00 0.01 0.10 0.05 0.02 0.02 
     Nesiarchus nasutus 3076 0.01 0.01 0.00 0.16 0.47 0.03 0.02 0.06 0.17 0.05 0.01 0.00 
Gonostomatidae 468382 0.02 0.03 0.03 0.19 0.43 0.06 0.02 0.05 0.13 0.02 0.02 0.02 
     Bonapartia pedaliota 996 0.00 0.00 0.00 0.44 0.55 0.00 0.00 0.00 0.00 0.00 0.01 0.00 
     Margrethia obtusirostra 406 0.03 0.03 0.01 0.25 0.30 0.02 0.00 0.02 0.18 0.13 0.00 0.04 
Haemulidae 13570 0.12 0.05 0.16 0.03 0.03 0.01 0.01 0.02 0.55 0.01 0.01 0.00 
Holocentridae 3801 0.00 0.01 0.00 0.25 0.32 0.03 0.05 0.03 0.26 0.04 0.00 0.00 
Istiophoridae 1055 0.00 0.00 0.01 0.10 0.43 0.12 0.02 0.03 0.28 0.00 0.00 0.00 
Labridae 111291 0.00 0.00 0.01 0.05 0.14 0.07 0.06 0.11 0.53 0.03 0.01 0.00 
Lobotidae              
     Lobotes surinamensis 135 0.00 0.04 0.00 0.05 0.11 0.00 0.07 0.00 0.61 0.12 0.00 0.00 
Lutjanidae 101318 0.00 0.00 0.00 0.01 0.04 0.07 0.09 0.08 0.65 0.05 0.01 0.00 
     Lutjanus spp. 16510 0.00 0.00 0.00 0.00 0.03 0.10 0.17 0.10 0.55 0.04 0.00 0.00 
     Lutjanus campechanus 6048 0.00 0.00 0.00 0.00 0.01 0.15 0.23 0.06 0.49 0.04 0.00 0.00 
     Lutjanus griseus 1073 0.00 0.00 0.00 0.02 0.01 0.04 0.16 0.11 0.65 0.01 0.01 0.00 
     Pristipomoides spp. 15817 0.00 0.00 0.00 0.01 0.05 0.09 0.06 0.13 0.63 0.03 0.01 0.00 
     Pristipomoides aquilonaris 15809 0.00 0.00 0.00 0.01 0.05 0.09 0.06 0.13 0.63 0.03 0.01 0.00 
     Rhomboplites aurorubens 13979 0.00 0.00 0.00 0.01 0.02 0.05 0.05 0.08 0.67 0.10 0.01 0.00 
Luvaridae              
     Luvarus imperialis 957 0.00 0.00 0.02 0.10 0.24 0.04 0.03 0.00 0.44 0.01 0.11 0.00 
Melamphaidae 16209 0.02 0.05 0.02 0.14 0.40 0.06 0.02 0.06 0.11 0.03 0.02 0.06 
Mugilidae 25417 0.02 0.02 0.06 0.03 0.05 0.01 0.01 0.01 0.02 0.09 0.52 0.18 
Mullidae 9015 0.05 0.04 0.08 0.16 0.45 0.07 0.02 0.00 0.03 0.05 0.05 0.01 
Muraenidae 2970 0.01 0.01 0.01 0.04 0.08 0.15 0.21 0.08 0.28 0.10 0.02 0.01 
Myctophidae 1545514 0.01 0.03 0.03 0.21 0.46 0.05 0.01 0.03 0.11 0.03 0.02 0.01 
     Benthosema suborbital 95396 0.02 0.05 0.04 0.20 0.48 0.04 0.01 0.02 0.08 0.01 0.01 0.03 
     Ceratoscopelus warmingii 55053 0.00 0.01 0.02 0.22 0.49 0.03 0.01 0.02 0.12 0.04 0.02 0.02 
     Diogenichthys atlanticus 53142 0.01 0.03 0.03 0.18 0.54 0.03 0.01 0.03 0.09 0.01 0.01 0.03 
     Hygophum reinhardtii 13081 0.02 0.03 0.01 0.22 0.52 0.05 0.01 0.03 0.06 0.02 0.01 0.02 
     Myctophum spp. 128616 0.01 0.03 0.04 0.24 0.55 0.04 0.01 0.02 0.05 0.01 0.01 0.01 
     Notolychnus valdiviae 60946 0.02 0.03 0.01 0.17 0.48 0.05 0.01 0.05 0.13 0.02 0.01 0.02 
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Table 3.  (Continued) List of 115 taxa included in this study and corresponding cumulative abundance 
(sum of all abundances [# / 10 m
2
] from all bongo stations) over the 1982-2011 time series.  Proportion of 
the cumulative abundance caught by month is given and shaded by graduated colors. 
    
 
Taxon 
Cumulative 
Abundance 
Month 
1 2 3 4 5 6 7 8 9 10 11 12 
Ophichthidae 77917 0.01 0.00 0.00 0.01 0.04 0.06 0.06 0.04 0.38 0.26 0.11 0.01 
     Aplatophis chauliodus 542 0.00 0.00 0.00 0.00 0.04 0.05 0.09 0.06 0.64 0.09 0.02 0.01 
     Myrophis punctatus 8058 0.06 0.02 0.01 0.00 0.00 0.00 0.00 0.00 0.08 0.40 0.38 0.05 
     Ophichthus gomesii 7902 0.00 0.00 0.00 0.00 0.04 0.08 0.09 0.11 0.59 0.08 0.02 0.00 
     Ophichthus rex 2081 0.00 0.00 0.02 0.02 0.05 0.04 0.02 0.01 0.26 0.49 0.09 0.00 
Paralepididae 74702 0.01 0.02 0.01 0.19 0.42 0.08 0.01 0.04 0.15 0.03 0.01 0.01 
Paralichthyidae 504418 0.00 0.00 0.01 0.01 0.07 0.16 0.11 0.07 0.43 0.10 0.04 0.00 
     Citharichthys spp. 83471 0.02 0.01 0.03 0.05 0.15 0.12 0.06 0.08 0.20 0.16 0.11 0.01 
     Cyclopsetta spp. 5822 0.01 0.00 0.00 0.03 0.08 0.15 0.08 0.07 0.48 0.08 0.01 0.00 
     Etropus spp. 71178 0.00 0.00 0.01 0.01 0.09 0.18 0.24 0.01 0.33 0.04 0.08 0.00 
     Syacium spp. 336896 0.00 0.00 0.00 0.00 0.04 0.16 0.09 0.08 0.52 0.09 0.01 0.00 
Phosichthyidae 93905 0.02 0.03 0.04 0.21 0.47 0.04 0.01 0.03 0.09 0.02 0.01 0.02 
     Pollichthys mauli 7162 0.07 0.03 0.02 0.28 0.34 0.04 0.01 0.02 0.08 0.05 0.03 0.03 
     Vinciguerria spp. 85894 0.01 0.03 0.05 0.20 0.48 0.04 0.01 0.03 0.09 0.02 0.01 0.02 
Pomacanthidae 1322 0.00 0.04 0.00 0.13 0.50 0.06 0.00 0.02 0.21 0.02 0.01 0.00 
Pomatomidae              
     Pomatomus saltatrix 3907 0.00 0.00 0.00 0.12 0.02 0.00 0.00 0.00 0.20 0.36 0.30 0.00 
Priacanthidae 6348 0.00 0.00 0.00 0.04 0.22 0.06 0.03 0.08 0.52 0.03 0.01 0.00 
Rachycentridae              
     Rachycentron canadum 390 0.00 0.00 0.00 0.26 0.18 0.07 0.25 0.00 0.21 0.00 0.00 0.02 
Scaridae 53575 0.01 0.01 0.01 0.14 0.31 0.03 0.01 0.04 0.38 0.05 0.01 0.01 
Sciaenidae 527464 0.00 0.01 0.03 0.00 0.00 0.02 0.07 0.02 0.22 0.28 0.33 0.03 
     Bairdiella chrysoura 626 0.00 0.00 0.00 0.00 0.02 0.09 0.23 0.00 0.25 0.20 0.02 0.19 
     Cynoscion spp. 114138 0.00 0.03 0.08 0.01 0.01 0.05 0.22 0.03 0.43 0.12 0.02 0.01 
     Cynoscion arenarius 68565 0.00 0.03 0.12 0.02 0.01 0.05 0.31 0.02 0.36 0.06 0.01 0.00 
     Cynoscion nebulosus 646 0.00 0.00 0.00 0.00 0.01 0.09 0.55 0.04 0.28 0.03 0.00 0.00 
     Larimus fasciatus 9443 0.00 0.00 0.00 0.00 0.01 0.03 0.03 0.01 0.31 0.48 0.12 0.00 
     Leiostomus xanthurus 45945 0.01 0.01 0.00 0.00 0.00 0.00 0.04 0.01 0.08 0.15 0.55 0.15 
     Micropogonias undulates 241487 0.00 0.00 0.00 0.00 0.00 0.00 0.00 0.00 0.03 0.40 0.55 0.02 
     Sciaenops ocellatus 27525 0.00 0.00 0.00 0.00 0.00 0.00 0.00 0.00 0.77 0.22 0.00 0.00 
     Stellifer lanceolatus 11546 0.00 0.00 0.00 0.00 0.00 0.04 0.22 0.01 0.72 0.01 0.00 0.00 
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Table 3.  (Continued) List of 115 taxa included in this study and corresponding cumulative abundance 
(sum of all abundances [# / 10 m
2
] from all bongo stations) over the 1982-2011 time series.  Proportion of 
the cumulative abundance caught by month is given and shaded by graduated colors. 
 
Taxon 
Cumulative 
Abundance   
Month 
1 2 3 4 5 6 7 8 9 10 11 12 
Scombridae 208144 0.00 0.01 0.01 0.08 0.21 0.12 0.14 0.09 0.34 0.01 0.00 0.00 
     Acanthocybium solandri 508 0.00 0.00 0.00 0.11 0.40 0.06 0.06 0.08 0.30 0.00 0.00 0.00 
     Euthynnus alletteratus 38296 0.00 0.00 0.00 0.05 0.07 0.14 0.26 0.11 0.36 0.00 0.00 0.00 
     Katsuwonus pelamis 13083 0.00 0.00 0.01 0.14 0.48 0.07 0.01 0.05 0.21 0.02 0.00 0.00 
     Scomber spp. 2822 0.02 0.25 0.28 0.34 0.09 0.00 0.00 0.00 0.00 0.01 0.01 0.00 
     Scomber colias 2159 0.00 0.24 0.36 0.38 0.01 0.00 0.00 0.00 0.00 0.00 0.00 0.00 
     Scomberomorus cavalla 13098 0.00 0.00 0.00 0.00 0.01 0.13 0.10 0.10 0.62 0.03 0.00 0.00 
     Scomberomorus maculatus 12174 0.00 0.00 0.00 0.00 0.01 0.21 0.25 0.07 0.45 0.00 0.00 0.00 
     Thunnus spp. 46989 0.00 0.00 0.00 0.06 0.40 0.07 0.04 0.09 0.34 0.01 0.00 0.00 
     Thunnus thynnus 6364 0.00 0.00 0.00 0.12 0.88 0.00 0.00 0.00 0.00 0.00 0.00 0.00 
Serranidae 202476 0.01 0.01 0.02 0.06 0.23 0.15 0.09 0.04 0.29 0.06 0.03 0.01 
     Anthias spp. 20167 0.00 0.02 0.05 0.14 0.47 0.03 0.00 0.00 0.09 0.06 0.11 0.02 
     Hemanthias spp. 7324 0.01 0.01 0.02 0.24 0.51 0.03 0.01 0.01 0.08 0.04 0.05 0.00 
     Serraniculus pumilio 13208 0.00 0.00 0.00 0.00 0.00 0.06 0.04 0.03 0.79 0.07 0.00 0.00 
Sparidae 21336 0.04 0.25 0.11 0.03 0.03 0.08 0.02 0.02 0.18 0.04 0.08 0.14 
     Lagodon rhomboids 4730 0.00 0.58 0.26 0.00 0.00 0.00 0.01 0.01 0.02 0.01 0.04 0.06 
Sternoptychidae 181175 0.02 0.02 0.04 0.16 0.44 0.05 0.01 0.05 0.16 0.02 0.02 0.02 
Stomiidae 17830 0.02 0.07 0.05 0.22 0.42 0.03 0.01 0.02 0.04 0.03 0.03 0.05 
     Chauliodus spp. 7386 0.02 0.14 0.08 0.23 0.39 0.02 0.00 0.01 0.01 0.02 0.05 0.03 
Stromateidae 54676 0.01 0.04 0.03 0.01 0.06 0.06 0.06 0.03 0.33 0.20 0.14 0.02 
     Peprilus burti 30108 0.01 0.07 0.04 0.00 0.01 0.03 0.02 0.01 0.30 0.27 0.21 0.03 
     Peprilus paru 10607 0.00 0.01 0.00 0.00 0.01 0.09 0.16 0.07 0.59 0.06 0.01 0.00 
Synodontidae 468405 0.01 0.01 0.01 0.02 0.13 0.16 0.13 0.09 0.37 0.05 0.02 0.00 
     Synodus spp. 3704 0.00 0.00 0.06 0.09 0.05 0.16 0.44 0.01 0.03 0.17 0.00 0.00 
Xiphiidae              
     Xiphias gladius 135 0.04 0.00 0.00 0.28 0.36 0.10 0.00 0.00 0.21 0.00 0.00 0.00 
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Figure 1.  Map of “standard” SEAMAP stations sampled during resource surveys in the northern Gulf of 
Mexico.  
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Figure 2.  Number of SEAMAP stations collecting bongo and/or Neuston samples by year and season and 
used in analysis of species abundance and distribution.   
   
 
 
 
Figure 3.  Most abundant fish families as a percent of SEAMAP samples collected via bongo net methods 
for years 1982-2010. 
 
 
0
50
100
150
200
250
1
9
8
2
1
9
8
3
1
9
8
4
1
9
8
5
1
9
8
6
1
9
8
7
1
9
8
8
1
9
8
9
1
9
9
0
1
9
9
1
1
9
9
2
1
9
9
3
1
9
9
4
1
9
9
5
1
9
9
6
1
9
9
7
1
9
9
8
1
9
9
9
2
0
0
0
2
0
0
1
2
0
0
2
2
0
0
3
2
0
0
4
2
0
0
5
2
0
0
6
2
0
0
7
2
0
0
8
2
0
0
9
2
0
1
0
2
0
1
1
N
u
m
b
e
r 
o
f 
St
at
io
n
s 
Number of Bongo Stations by Year 
Jan-Mar Stations Apr-Jun Stations Jul-Sep Stations Oct-Dec Stations
 24 
 
  
Figure 4.  The extent of the DWH oil spill as mapped by NOAA (Murawski et al. 2014) overlaid by the 
SEAMAP plankton station grid.  The oil affected area is grouped into four regions based on “oil days”.  
“Oil days” per 10’ square are calculated by summing the daily density of surface oil (low = 1, moderate = 
5, high = 10) over the 87 days surface oil was present.   
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Figure 5.  Stations included in calculations of the proportions of larvae by taxon potentially exposed to 
DWH oil.  These rastered stations were sampled during at least five different years.  Red circles define the 
area over which proportions of larval fish populations potentially exposed are calculated. 
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Figure 6.  Calculated abundances at rastered 0.5˚ stations (left) are aggregated to create 0.165˚ stations 
(right).  This aggregation was completed for the entire study area.   
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Figure 7.  Cumulative surface oil weighted density from a spill occurring 27˚ N and 85˚ W (    ) with a 
start date of April 20
th
, 2010 and persisting for 87 days.  This simulation was generated by the 
Connectivity Modeling System (CMS). 
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Figure 8.  Cumulative surface oil weighted density from a spill occurring 27˚ N and 93.5˚ W (   ) with a 
start date of April 20
th
, 2010 and persisting for 87 days.  This simulation was generated by the 
Connectivity Modeling System (CMS). 
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CHAPTER THREE: RESULTS 
 
 
 
Scenario #1 DWH Oil Spill – April through July 2010 
   Proportions of the selected taxa exposed to each of the five oil levels (no oil, levels 1-4) are given 
in Table 4.  Calculated proportions of fish larvae potentially exposed to the DWH oil varied between 0% 
exposed (Scomber colias and Xiphias gladius) to a maximum of 28.6% (Cynoscion nebulosus).  The ten 
taxa with the largest proportion of their distribution potentially exposed to the simulated oil are 
summarized in Table 5.   
The distribution of the DWH oil (Figure 4) covered 19 percent of the study, i.e. SEAMAP survey, 
area (Figure 5).  Since calculations span April through July, I assume that oil was present for ~1/3 of a 
year (4/12 months).    Therefore, an estimated 6.3 percent of the study area was exposed to oil over the 
course of 2010 (19.0*1/3).  While the well flowed for 87 days (=24% of the year), there was likely 
residual surface oil for up to several weeks following the spill, so an estimate of ~1/3 of the year seems 
appropriate.  If fish larvae were distributed evenly both spatially and temporally throughout our study 
area, we would expect the larvae of each taxon to similarly experience an exposure rate of 6%.  
Proportions of various taxa potentially exposed are plotted in Figure 9 along with our null hypothesis 
overlap of 6%. 
 
Variability in DWH Estimates 
 A bootstrapping procedure calculated the statistical distributions of proportions of individual fish 
taxa potentially exposed to the DWH oil scenario.  Each of the 9,279 station records (located within the 
study area and sampled before 2010) was randomly re-sampled as described in the methods section.  The 
proportion of each fish taxon potentially exposed to oil for all iterations were used to construct statistical 
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distributions for each fish taxon given in (Figure 10).  In all cases, the median value matched the 
estimated proportion potentially exposed (Figures 9 and 10). 
 Additionally, the station records were divided by year into six different groups of 5-year blocks 
(the first five groups contain five years each starting from 1982 and the sixth group contains years 2007-
2009).  The same bootstrapping technique as detailed above was run for each 5-year group in order to 
identify trends in the larval distributions.  Box plots for each of the 5-year blocks were created for each 
taxon (Figure 11). 
  
Scenario #2 September Oil Spill -  DWH Footprint – 1 September through 31 December 
Proportions of the selected taxa exposed to each of the five oil level groups (no oil, levels 1-4) for 
the Autumn/Winter Study using the DWH footprint were calculated and the results for the complete set of 
taxa are given in Table 6.  Observed proportions exposed to oil varied between 0% exposed (Scomber 
colias and Thunnus thynnus to a maximum of 69.7% (Leiostomus xanthurus).  The ten taxa with the 
largest proportion of distribution potentially exposed to the simulated oil are summarized in Table 7.   
Since the footprint and duration of this modeled spill mirrors that of the DWH spill, I also 
assumed that 6.3 percent of the study area was exposed to oil over the course of one year (19.0*1/3) in 
this simulated spill as well.  If fish larvae were distributed evenly both spatially and temporally 
throughout our study area, we would expect the larvae of each taxa to similarly experience an exposure of 
their year class in proportion of 6.3%.  Proportions of taxa exposed are shown in Figure 12 along with the 
null hypothesis overlap of 6%.  An important caveat with this scenario is that I assumed an identical 
surface oil distribution pattern to that occurring from DWH (Figure 4.), even though Scenario 2 occurred 
during 1 September through 31 December.  This is unlikely, given the seasonal climatology of the GOM, 
although not impossible, especially since the actual oceanographic climatology during the DWH spill was 
significantly different from the mean climatology owing to the formation of an anti cyclonic ring then (Le 
Hénaff et al. 2012; Vukovitch 2007; Schmitz 2005) 
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Scenario #3 West Florida Slope – Oil Spill Centered at 27˚N and 85˚W – 1 April through 31 July 
  Proportions of selected taxa exposed to each of the five oil level groups (no oil, levels 1-4) for 
the West Florida Slope Oil Spill were calculated and the results for the complete set of taxa can be found 
in Table 8.  Observed proportions exposed to oil varied between 0% potentially exposed for Brevoortia 
spp. and Peprilus burti to a maximum of 60.5% for the Family Holocentridae (squirrelfishes).  The ten 
taxa with the largest proportion of distribution exposed to the simulated oil are summarized in Table 9.  
These taxa include Coryphaena spp. with 48.2% potentially exposed to oil, Katsuwonus pelamis with 
45.0% potentially exposed to oil, and Thunnus thynnus with 44.9% potentially exposed to oil.   
The surface expression of the West Florida Slope oil spill (Figure 7) is much larger than the 
observed footprint of the DWH oil with 46.2% of the study area (Figure 5) potentially exposed to the 
simulated oil distribution.  As well, under this scenario about 20% of the simulated oil exits the Gulf of 
Mexico through the Florida Straits and flows up the east coast of Florida.  This region lies outside the 
study area and thus, the estimates of impact on species are likely larger than those estimated just from the 
intersection of GOM SEAMAP ichthyoplankton distribution with the WFS oil spill scenario.  If fish 
larvae were uniformly distributed throughout the northern GOM under Scenario 3, 15.4% of their 
distribution would potentially be exposed to this simulated oil spill (46.2% * 4/12 [months/year]).  
Proportions of various taxa potentially exposed are shown in Figure 13 along with our null hypothesis 
overlap of 15%. 
 
Scenario #4 Western GOM – Oil Spill Centered at 27˚N and 93.5˚W – 1 April through 31 July 
Proportions of selected taxa exposed to each of the five oil level groups (no oil, levels 1-4) for the 
Western Gulf of Mexico Oil Spill were calculated; the results for the complete set of taxa are given in 
Table 10.  Observed proportions potentially exposed to oil varied between less than 1% exposed 
(Scomber colias, Cynoscion nebulosus and  C. arenarius) to a maximum of 78.9% for Bonapartia 
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pedaliota (bristlemouths).  The ten taxa with the largest proportion of distribution potentially exposed to 
the simulated oil spill are summarized in Table 11.   
The surface area of the Western GOM Oil Spill (Figure 8) is much larger than the observed 
footprint of the DWH oil although much of it occurs outside (south) of the study area (Figure 5).  As with 
the WFS scenario above, the estimates of impact on species are likely larger than those estimated just 
from the intersection of GOM SEAMAP ichthyoplankton distribution with the Western GOM oil spill 
scenario.  For this simulation, 27.6% of the study area is potentially exposed to the simulated oil 
distribution.  Fish larvae with a uniform spatial and temporal distribution would thus see 9.2% of their 
distribution exposed to this scenario (27.6% * 4/12 [months/year]).  Proportions of taxa exposed are 
shown in Figure 14 with our null hypothesis overlap of 9%. 
 
Species Richness and Shannon’s Diversity Index 
 Species richness and the Shannon’s diversity index was calculated by year quarter for each 0.5˚ 
longitude and latitude square in the study area for species (Figure 15).  Species richness ranged from 0 to 
54 with the highest numbers of species found being located along the edge of the continental shelf off 
Louisiana and in the western GOM during quarter 3 (July – September).  Species richness was lowest 
throughout the entire study area during quarter 1 (January – March) and offshore during quarter 4 
(September-December).  The maximum Shannon’s Diversity Index score we could theoretically observe 
would be ~4.0 (=ln54), if all species were equally encountered.  The observed Shannon’s diversity index 
values ranged from 0 to 3.0 with the higher indices occurring in quarter 3 and quarter 2, and the lowest 
indices occurring in quarter 1.  Higher diversity values tended to follow the continental shelf break and 
also into deeper waters during Q2, but these diversity values were lower during the fall months. 
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Tables and Figures 
Table 4.  Estimated proportions of the larval abundance distribution within the study area potentially 
exposed to each of the five levels of oil for the DWH spill (Scenario 1).  Oil surface density levels range 
from lightest oiling (1) to heavy oiling (4) as well as No Oil for where no oil was present.   
 
Taxon 
Oil Surface Density Level 
1 2 3 4 No Oil 
Acanthuridae 5.40% 0.51% 0.01% 0.00% 94.09% 
Apogonidae 1.97% 0.39% 0.05% 0.00% 97.59% 
Bothidae 3.81% 1.14% 0.16% 0.02% 94.88% 
     Bothus spp. 2.16% 0.54% 0.14% 0.03% 97.13% 
     Engyophrys senta 0.58% 1.02% 0.17% 0.00% 98.22% 
Bregmacerotidae      
     Bregmaceros spp. 3.85% 2.34% 0.48% 0.05% 93.28% 
Carangidae 5.29% 1.29% 1.11% 0.15% 92.16% 
     Caranx spp. 12.19% 5.70% 0.92% 0.09% 81.09% 
     Chloroscombrus chrysurus 6.15% 0.59% 1.60% 0.23% 91.44% 
     Decapterus punctatus 1.09% 0.45% 0.04% 0.00% 98.41% 
     Oligoplites saurus 6.49% 0.33% 0.00% 0.00% 93.18% 
     Selar crumenophthalmus 1.18% 1.01% 0.34% 0.04% 97.43% 
     Selene spp. 2.76% 1.19% 0.19% 0.01% 95.86% 
     Seriola spp. 5.00% 4.17% 0.20% 0.00% 90.63% 
     Trachurus lathami 1.14% 0.31% 0.04% 0.00% 98.51% 
Carapidae 2.68% 0.74% 0.08% 0.00% 96.50% 
Chaetodontidae 8.45% 0.40% 0.07% 0.00% 91.08% 
Chlorophthalmidae 2.71% 0.20% 0.76% 0.11% 96.22% 
     Chlorophthalmus agassizi 4.39% 0.14% 0.00% 0.00% 95.47% 
Clupeidae 1.72% 0.67% 0.31% 0.04% 97.27% 
     Brevoortia spp. 0.06% 0.01% 0.00% 0.00% 99.93% 
     Etrumeus teres 5.08% 0.29% 0.06% 0.00% 94.58% 
     Harengula jaguana 7.30% 5.85% 1.34% 0.15% 85.36% 
     Opisthonema oglinum 4.84% 1.75% 1.72% 0.22% 91.47% 
     Sardinella aurita 0.38% 0.04% 0.01% 0.00% 99.58% 
Coryphaenidae      
     Coryphaena spp. 10.70% 1.48% 0.26% 0.02% 87.54% 
Cynoglossidae 6.03% 2.83% 0.19% 0.01% 90.95% 
     Symphurus spp. 5.90% 2.91% 0.19% 0.01% 90.99% 
Elopidae 0.50% 0.00% 0.00% 0.00% 99.50% 
Engraulidae 16.62% 7.25% 0.43% 0.03% 75.67% 
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Table 4.  (Continued) Estimated proportions of the larval abundance distribution within the study area 
potentially exposed to each of the five levels of oil for the DWH spill (Scenario 1).  Oil surface density 
levels range from lightest oiling (1) to heavy oiling (4) as well as No Oil for where no oil was present.   
 
Taxon 
Oil Surface Density Level 
1 2 3 4 No Oil 
Gempylidae 5.14% 1.69% 0.24% 0.06% 92.88% 
     Diplospinus multistriatus 5.47% 1.81% 0.23% 0.01% 92.49% 
     Gempylus serpens 5.74% 0.52% 0.00% 0.00% 93.74% 
     Nesiarchus nasutus 2.32% 1.11% 0.03% 0.00% 96.55% 
Gonostomatidae 6.36% 2.66% 1.18% 0.14% 89.66% 
     Bonapartia pedaliota 2.34% 0.13% 0.01% 0.00% 97.52% 
     Margrethia obtusirostra 1.73% 0.00% 0.00% 0.00% 98.27% 
Haemulidae 0.69% 0.00% 0.00% 0.00% 99.31% 
Holocentridae 1.41% 0.08% 0.00% 0.00% 98.51% 
Istiophoridae 1.80% 0.17% 0.00% 0.00% 98.03% 
Labridae 13.90% 3.97% 0.15% 0.01% 81.98% 
Lobotidae      
     Lobotes surinamensis 0.20% 0.00% 0.00% 0.00% 99.80% 
Lutjanidae 1.62% 0.91% 0.08% 0.00% 97.38% 
     Lutjanus spp. 3.18% 0.71% 0.08% 0.01% 96.02% 
     Lutjanus campechanus 3.64% 1.11% 0.20% 0.02% 95.03% 
     Lutjanus griseus 5.57% 0.19% 0.00% 0.00% 94.24% 
     Pristipomoides spp. 2.47% 1.66% 0.09% 0.00% 95.79% 
     Pristipomoides aquilonaris 2.36% 1.61% 0.09% 0.00% 95.95% 
     Rhomboplites aurorubens 1.03% 0.42% 0.02% 0.00% 98.52% 
Luvaridae      
     Luvarus imperialis 0.21% 0.00% 0.00% 0.00% 99.79% 
Melamphaidae 4.04% 0.95% 0.33% 0.03% 94.65% 
Mugilidae 1.28% 0.23% 0.01% 0.00% 98.47% 
Mullidae 4.47% 1.50% 0.22% 0.10% 93.71% 
Muraenidae 5.03% 2.53% 0.30% 0.00% 92.14% 
Myctophidae 10.13% 3.46% 0.79% 0.11% 85.52% 
     Benthosema suborbitale 5.38% 1.76% 0.58% 0.13% 92.15% 
     Ceratoscopelus warmingii 5.86% 2.00% 0.54% 0.08% 91.52% 
     Diogenichthys atlanticus 5.79% 2.37% 0.53% 0.03% 91.28% 
     Hygophum reinhardtii 5.68% 1.97% 0.46% 0.04% 91.85% 
     Myctophum spp. 8.90% 2.90% 0.57% 0.09% 87.54% 
     Notolychnus valdiviae 4.92% 1.24% 0.42% 0.06% 93.37% 
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Table 4.  (Continued) Estimated proportions of the larval abundance distribution within the study area 
potentially exposed to each of the five levels of oil for the DWH spill (Scenario 1).  Oil surface density 
levels range from lightest oiling (1) to heavy oiling (4) as well as No Oil for where no oil was present.   
 
Taxon 
Oil Surface Density Level 
1 2 3 4 No Oil 
Ophichthidae 3.04% 2.18% 0.41% 0.03% 94.35% 
     Aplatophis chauliodus 3.70% 0.73% 0.42% 0.06% 95.09% 
     Myrophis punctatus 0.03% 0.02% 0.00% 0.00% 99.95% 
     Ophichthus gomesii 4.91% 3.47% 0.71% 0.02% 90.89% 
     Ophichthus rex 2.21% 0.51% 0.63% 0.09% 96.57% 
Paralepididae 10.41% 4.17% 1.34% 0.11% 83.97% 
Paralichthyidae 4.32% 2.05% 0.17% 0.01% 93.45% 
     Citharichthys spp. 4.00% 1.71% 0.13% 0.01% 94.16% 
     Cyclopsetta spp. 2.12% 2.99% 0.03% 0.00% 94.86% 
     Etropus spp. 14.47% 5.70% 0.62% 0.06% 79.14% 
     Syacium spp. 2.13% 1.31% 0.08% 0.00% 96.47% 
Phosichthyidae 5.80% 1.91% 0.56% 0.11% 91.62% 
     Pollichthys mauli 1.96% 0.27% 0.07% 0.01% 97.69% 
     Vinciguerria spp. 6.09% 2.03% 0.59% 0.12% 91.17% 
Pomacanthidae 8.73% 0.54% 0.07% 0.00% 90.66% 
Pomatomidae 1.50% 0.12% 0.02% 0.00% 98.36% 
     Pomatomus saltatrix 1.48% 0.12% 0.02% 0.00% 98.38% 
Priacanthidae 1.19% 0.47% 0.06% 0.01% 98.26% 
Rachycentridae 12.76% 9.11% 0.06% 0.00% 78.06% 
     Rachycentron canadum 13.70% 8.76% 0.06% 0.00% 77.48% 
Scaridae 2.92% 0.34% 0.07% 0.00% 96.67% 
Sciaenidae 2.28% 0.44% 0.02% 0.00% 97.25% 
     Bairdiella chrysoura 6.12% 0.47% 0.00% 0.00% 93.41% 
     Cynoscion spp. 8.67% 1.68% 0.08% 0.00% 89.57% 
     Cynoscion arenarius 12.84% 2.56% 0.12% 0.00% 84.47% 
     Cynoscion nebulosus 26.27% 2.37% 0.00% 0.00% 71.37% 
     Larimus fasciatus 0.86% 0.98% 0.01% 0.00% 98.15% 
     Leiostomus xanthurus 0.39% 0.13% 0.01% 0.00% 99.48% 
     Micropogonias undulatus 0.24% 0.02% 0.00% 0.00% 99.75% 
     Sciaenops ocellatus 0.02% 0.00% 0.00% 0.00% 99.98% 
     Stellifer lanceolatus 4.18% 0.17% 0.00% 0.00% 95.65% 
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Table 4.  (Continued) Estimated proportions of the larval abundance distribution within the study area 
potentially exposed to each of the five levels of oil for the DWH spill (Scenario 1).  Oil surface density 
levels range from lightest oiling (1) to heavy oiling (4) as well as No Oil for where no oil was present.   
 
Taxon 
Oil Surface Density 
1 2 3 4 No Oil 
Scombridae 5.13% 2.09% 0.45% 0.04% 92.30% 
     Acanthocybium solandri 20.41% 0.00% 0.00% 0.00% 79.59% 
     Euthynnus alletteratus 6.13% 2.54% 0.88% 0.09% 90.35% 
     Katsuwonus pelamis 8.34% 1.53% 0.15% 0.00% 89.98% 
     Scomber spp. 0.59% 0.07% 0.00% 0.00% 99.34% 
     Scomber colias 0.00% 0.00% 0.00% 0.00% 100.00% 
     Scomberomorus cavalla 1.91% 1.80% 0.02% 0.00% 96.27% 
     Scomberomorus maculatus 10.59% 3.06% 0.23% 0.01% 86.10% 
     Thunnus spp. 5.23% 1.37% 0.44% 0.05% 92.92% 
     Thunnus thynnus 8.94% 4.80% 0.72% 0.02% 85.53% 
Serranidae 4.63% 1.24% 0.16% 0.03% 93.93% 
     Anthias spp. 2.44% 0.93% 0.16% 0.01% 96.47% 
     Hemanthias spp. 4.22% 0.90% 0.43% 0.06% 94.39% 
     Serraniculus pumilio 0.39% 0.10% 0.01% 0.00% 99.50% 
Sparidae 0.48% 0.38% 0.01% 0.00% 99.13% 
     Lagodon rhomboides 0.36% 0.00% 0.00% 0.00% 99.64% 
Sternoptychidae 9.00% 3.13% 0.66% 0.17% 87.04% 
Stomiidae 6.84% 1.53% 0.20% 0.01% 91.42% 
     Chauliodus spp. 5.31% 1.60% 0.29% 0.01% 92.79% 
Stromateidae 1.88% 0.90% 0.12% 0.02% 97.08% 
     Peprilus burti 0.62% 0.16% 0.01% 0.00% 99.21% 
     Peprilus paru 4.37% 0.86% 0.05% 0.00% 94.72% 
Synodontidae 3.60% 2.00% 0.29% 0.02% 94.09% 
     Synodus spp. 7.89% 0.16% 0.00% 0.00% 91.94% 
Xiphiidae      
     Xiphias gladius 0.00% 0.00% 0.00% 0.00% 100.00% 
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Table 5.  Ten species with the highest proportion of their distribution in the study area potentially exposed 
to DWH oil (Scenario 1).  Cumulative Abundance is the sum of the abundance (#/10 m
2
) found in every 
included bongo sample during the 30 year time series. 
 
Family Taxon 
%  
Potentially 
Exposed 
Cumulative 
Abundance 
Sciaenidae      Cynoscion nebulosus 28.63% 646 
Engraulidae   24.33% 1113815 
Rachycentridae      Rachycentron canadum 22.52% 390 
Paralichthyidae      Etropus spp. 20.86% 71178 
Scombridae      Acanthocybium solandri 20.41% 508 
Carangidae      Caranx spp. 18.91% 28092 
Labridae   18.02% 111291 
Paralepididae   16.03% 74702 
Sciaenidae      Cynoscion arenarius 15.53% 68565 
Clupeidae      Harengula jaguana 14.64% 60409 
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Table 6.  Estimated proportions of the larval abundance distribution within the study area potentially 
exposed to each of the five levels of oil for the September oil spill (Scenario 2), DWH footprint, but from 
1 September through 31 December.  Oil surface density levels range from lightest oiling (1) to heavy 
oiling (4) as well as No Oil for where no oil was present.   
 
Taxon 
Oil Surface Density Level 
1 2 3 4 No Oil 
Acanthuridae 2.07% 1.43% 0.04% 0.00% 96.46% 
Apogonidae 0.77% 0.90% 0.16% 0.01% 98.16% 
Bothidae 4.67% 2.48% 0.39% 0.06% 92.40% 
     Bothus spp. 3.61% 2.27% 0.57% 0.12% 93.43% 
     Engyophrys senta 1.07% 1.04% 0.21% 0.01% 97.68% 
Bregmacerotidae 4.65% 2.40% 0.53% 0.06% 92.36% 
     Bregmaceros spp. 4.64% 2.40% 0.53% 0.06% 92.37% 
Carangidae 3.18% 0.80% 0.11% 0.01% 95.90% 
     Caranx spp. 0.40% 0.41% 0.09% 0.01% 99.10% 
     Chloroscombrus chrysurus 3.38% 0.61% 0.06% 0.00% 95.95% 
     Decapterus punctatus 3.52% 0.54% 0.10% 0.01% 95.83% 
     Oligoplites saurus 0.12% 0.00% 0.00% 0.00% 99.88% 
     Selar crumenophthalmus 4.71% 3.29% 0.98% 0.08% 90.95% 
     Selene spp. 3.01% 2.51% 0.63% 0.07% 93.77% 
     Seriola spp. 7.30% 2.16% 0.05% 0.00% 90.48% 
     Trachurus lathami 0.51% 0.82% 0.04% 0.01% 98.62% 
Carapidae 3.55% 1.96% 0.61% 0.11% 93.78% 
Chaetodontidae 0.85% 0.27% 0.00% 0.00% 98.88% 
Chlorophthalmidae 2.38% 2.30% 2.82% 0.37% 92.14% 
     Chlorophthalmus agassizi 3.77% 3.62% 3.92% 0.50% 88.20% 
Clupeidae 5.90% 3.14% 1.12% 0.14% 89.70% 
     Brevoortia spp. 10.02% 6.63% 3.52% 0.46% 79.38% 
     Etrumeus teres 15.71% 5.58% 0.28% 0.04% 78.40% 
     Harengula jaguana 6.75% 5.04% 0.14% 0.01% 88.07% 
     Opisthonema oglinum 4.63% 1.50% 0.08% 0.00% 93.78% 
     Sardinella aurita 0.39% 0.03% 0.00% 0.00% 99.58% 
Coryphaenidae 0.88% 0.33% 0.03% 0.00% 98.75% 
     Coryphaena spp. 0.88% 0.33% 0.03% 0.00% 98.76% 
Cynoglossidae 3.38% 1.92% 0.31% 0.03% 94.36% 
     Symphurus spp. 3.35% 1.85% 0.31% 0.03% 94.46% 
Elopidae 17.42% 18.54% 2.33% 0.02% 61.69% 
Engraulidae 4.19% 2.83% 0.65% 0.07% 92.26% 
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Table 6.  (Continued) Estimated proportions of the larval abundance distribution within the study area 
potentially exposed to each of the five levels of oil for the September oil spill (Scenario 2), DWH 
footprint, but from 1 September through 31 December.  Oil surface density levels range from lightest 
oiling (1) to heavy oiling (4) as well as No Oil for where no oil was present.   
 
Taxon 
Oil Surface Density Level 
1 2 3 4 No Oil 
Gempylidae 2.78% 2.00% 0.84% 0.27% 94.10% 
     Diplospinus multistriatus 2.98% 2.41% 1.04% 0.33% 93.24% 
     Gempylus serpens 1.93% 1.90% 1.10% 0.49% 94.58% 
     Nesiarchus nasutus 0.71% 0.43% 0.37% 0.05% 98.44% 
Gonostomatidae 3.06% 1.66% 0.72% 0.15% 94.41% 
     Bonapartia pedaliota 0.00% 0.00% 0.00% 0.00% 100.00% 
     Margrethia obtusirostra 16.21% 11.92% 0.98% 0.00% 70.89% 
Haemulidae 0.52% 0.08% 0.01% 0.00% 99.39% 
Holocentridae 0.16% 0.10% 0.01% 0.00% 99.73% 
Istiophoridae 0.29% 0.16% 0.00% 0.00% 99.54% 
Labridae 5.14% 2.28% 0.42% 0.05% 92.12% 
Lobotidae 1.94% 0.09% 0.61% 0.09% 97.28% 
     Lobotes surinamensis 1.96% 0.09% 0.61% 0.09% 97.25% 
Lutjanidae 3.16% 1.16% 0.33% 0.04% 95.30% 
     Lutjanus spp. 1.82% 0.82% 0.23% 0.06% 97.07% 
     Lutjanus campechanus 3.67% 1.68% 0.54% 0.16% 93.94% 
     Lutjanus griseus 1.13% 0.63% 0.25% 0.02% 97.96% 
     Pristipomoides spp. 2.65% 0.75% 0.25% 0.02% 96.34% 
     Pristipomoides aquilonaris 2.62% 0.73% 0.24% 0.02% 96.39% 
     Rhomboplites aurorubens 4.49% 1.39% 0.30% 0.03% 93.79% 
Luvaridae 0.44% 0.00% 0.00% 0.00% 99.56% 
     Luvarus imperialis 0.43% 0.00% 0.00% 0.00% 99.57% 
Melamphaidae 4.93% 3.35% 1.22% 0.35% 90.15% 
Mugilidae 6.71% 3.84% 2.27% 0.27% 86.91% 
Mullidae 2.11% 1.36% 0.74% 0.09% 95.70% 
Muraenidae 2.87% 1.45% 0.31% 0.03% 95.34% 
Myctophidae 3.18% 2.02% 0.51% 0.09% 94.21% 
     Benthosema suborbitale 3.30% 1.45% 0.36% 0.10% 94.78% 
     Ceratoscopelus warmingii 2.59% 1.84% 0.41% 0.05% 95.11% 
     Diogenichthys atlanticus 4.27% 1.69% 0.46% 0.08% 93.50% 
     Hygophum reinhardtii 4.14% 1.93% 0.37% 0.14% 93.42% 
     Myctophum spp. 2.51% 0.74% 0.24% 0.07% 96.44% 
     Notolychnus valdiviae 3.30% 1.53% 0.54% 0.09% 94.54% 
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Table 6.  (Continued) Estimated proportions of the larval abundance distribution within the study area 
potentially exposed to each of the five levels of oil for the September oil spill (Scenario 2), DWH 
footprint, but from 1 September through 31 December.  Oil surface density levels range from lightest 
oiling (1) to heavy oiling (4) as well as No Oil for where no oil was present.   
 
Taxon 
Oil Surface Density Level 
1 2 3 4 No Oil 
Ophichthidae 12.89% 7.44% 1.96% 0.20% 77.51% 
     Aplatophis chauliodus 6.49% 4.17% 0.72% 0.06% 88.56% 
     Myrophis punctatus 16.17% 10.97% 2.07% 0.22% 70.56% 
     Ophichthus gomesii 6.18% 2.15% 0.69% 0.18% 90.80% 
     Ophichthus rex 8.36% 7.22% 1.12% 0.08% 83.21% 
Paralepididae 3.01% 1.79% 0.56% 0.11% 94.53% 
Paralichthyidae 4.19% 2.09% 0.39% 0.04% 93.29% 
     Citharichthys spp. 5.76% 2.79% 0.61% 0.06% 90.77% 
     Cyclopsetta spp. 2.35% 1.64% 0.26% 0.02% 95.73% 
     Etropus spp. 7.39% 3.51% 0.59% 0.06% 88.45% 
     Syacium spp. 2.73% 1.50% 0.26% 0.03% 95.49% 
Phosichthyidae 4.68% 1.81% 0.52% 0.11% 92.88% 
     Pollichthys mauli 4.89% 2.88% 0.71% 0.05% 91.47% 
     Vinciguerria spp. 4.68% 1.73% 0.50% 0.12% 92.97% 
Pomacanthidae 0.10% 0.15% 0.14% 0.02% 99.59% 
Pomatomidae 16.85% 9.27% 5.66% 0.75% 67.46% 
     Pomatomus saltatrix 16.82% 9.29% 5.73% 0.76% 67.41% 
Priacanthidae 0.94% 0.60% 0.13% 0.01% 98.32% 
Rachycentridae 8.93% 0.00% 0.00% 0.00% 91.07% 
     Rachycentron canadum 8.59% 0.00% 0.00% 0.00% 91.41% 
Scaridae 2.16% 1.45% 0.44% 0.09% 95.86% 
Sciaenidae 19.71% 8.64% 1.03% 0.07% 70.55% 
     Bairdiella chrysoura 25.56% 1.00% 0.11% 0.00% 73.34% 
     Cynoscion spp. 5.82% 1.08% 0.10% 0.01% 93.00% 
     Cynoscion arenarius 5.35% 1.04% 0.11% 0.01% 93.49% 
     Cynoscion nebulosus 7.42% 1.21% 0.00% 0.00% 91.36% 
     Larimus fasciatus 7.38% 2.33% 0.26% 0.01% 90.02% 
     Leiostomus xanthurus 43.51% 23.26% 2.76% 0.21% 30.27% 
     Micropogonias undulatus 22.20% 9.05% 1.00% 0.06% 67.68% 
     Sciaenops ocellatus 20.90% 8.31% 0.54% 0.04% 70.22% 
     Stellifer lanceolatus 7.83% 1.06% 0.07% 0.00% 91.04% 
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Table 6.  (Continued) Estimated proportions of the larval abundance distribution within the study area 
potentially exposed to each of the five levels of oil for the September oil spill (Scenario 2), DWH 
footprint, but from 1 September through 31 December.  Oil surface density levels range from lightest 
oiling (1) to heavy oiling (4) as well as No Oil for where no oil was present.   
 
Taxon 
Oil Surface Density Level 
1 2 3 4 No Oil 
Scombridae 1.59% 1.10% 0.28% 0.03% 97.00% 
     Acanthocybium solandri 0.54% 0.19% 0.00% 0.00% 99.27% 
     Euthynnus alletteratus 1.76% 0.39% 0.07% 0.01% 97.77% 
     Katsuwonus pelamis 1.15% 1.63% 0.54% 0.17% 96.51% 
     Scomber spp. 0.05% 0.09% 0.01% 0.00% 99.86% 
     Scomber colias 0.00% 0.00% 0.00% 0.00% 100.00% 
     Scomberomorus cavalla 2.32% 1.06% 0.36% 0.04% 96.23% 
     Scomberomorus maculatus 2.01% 0.44% 0.09% 0.01% 97.45% 
     Thunnus spp. 1.35% 1.12% 0.25% 0.03% 97.25% 
     Thunnus thynnus 0.00% 0.00% 0.00% 0.00% 100.00% 
Serranidae 3.12% 1.71% 0.27% 0.03% 94.87% 
     Anthias spp. 7.93% 4.81% 0.79% 0.10% 86.36% 
     Hemanthias spp. 4.34% 1.13% 0.09% 0.01% 94.43% 
     Serraniculus pumilio 4.07% 0.63% 0.06% 0.00% 95.24% 
Sparidae 12.38% 2.16% 0.21% 0.02% 85.24% 
     Lagodon rhomboides 1.07% 1.00% 0.14% 0.00% 97.80% 
Sternoptychidae 3.65% 1.70% 0.48% 0.09% 94.08% 
Stomiidae 5.22% 2.96% 0.69% 0.08% 91.06% 
     Chauliodus spp. 5.36% 3.08% 0.68% 0.06% 90.81% 
Stromateidae 10.75% 4.48% 0.95% 0.13% 83.69% 
     Peprilus burti 13.62% 5.44% 1.44% 0.16% 79.34% 
     Peprilus paru 5.09% 1.72% 0.18% 0.02% 93.00% 
Synodontidae 2.35% 1.49% 0.68% 0.09% 95.39% 
     Synodus spp. 3.04% 5.35% 1.43% 0.46% 89.72% 
Xiphiidae      
     Xiphias gladius 0.00% 0.00% 0.00% 0.00% 100.00% 
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Table 7.  Ten species with the highest proportion of their distribution in the study area potentially exposed 
to the September oil spill (Scenario 2).  Cumulative Abundance is the sum of the abundance (#/10 m
2
) 
found in every included bongo sample during the 30 year time series. 
 
Family Taxon 
%  
Potentially 
Exposed 
Cumulative 
Abundance 
Sciaenidae      Leiostomus xanthurus 69.73% 45945 
Elopidae 
 
38.31% 1019 
Pomatomidae      Pomatomus saltatrix 32.59% 3907 
Sciaenidae      Micropogonias undulatus 32.32% 241487 
Sciaenidae      Sciaenops ocellatus 29.78% 27525 
Ophichthidae      Myrophis punctatus 29.44% 8058 
Gonostomatidae      Margrethia obtusirostra 29.11% 406 
Sciaenidae      Bairdiella chrysoura 26.66% 626 
Ophichthidae 
 
22.49% 77917 
Clupeidae      Etrumeus teres 21.60% 37035 
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Table 8.  Estimated proportions of the larval abundance distribution within the study area potentially 
exposed to each of the five levels of oil for the West Florida Slope spill (Scenario 3) centered at 27˚ N 
and 85˚ W from 1 April through 31 July.  Oil surface density levels range from lightest oiling (1) to heavy 
oiling (4) as well as No Oil for where no oil was present.   
 
Taxon 
Oil Surface Density Level 
1 2 3 4 No Oil 
Acanthuridae 31.57% 7.71% 3.10% 0.94% 56.68% 
Apogonidae 21.63% 3.10% 0.21% 0.15% 74.91% 
Bothidae 13.26% 2.99% 0.14% 0.28% 83.32% 
     Bothus spp. 11.06% 3.39% 0.23% 0.28% 85.05% 
     Engyophrys senta 0.62% 0.00% 0.00% 0.00% 99.38% 
Bregmacerotidae 9.79% 1.24% 0.05% 0.19% 88.73% 
     Bregmaceros spp. 9.79% 1.24% 0.05% 0.19% 88.73% 
Carangidae 9.08% 0.67% 0.17% 0.18% 89.91% 
     Caranx spp. 24.00% 2.18% 1.57% 1.29% 70.96% 
     Chloroscombrus chrysurus 2.18% 0.00% 0.00% 0.00% 97.82% 
     Decapterus punctatus 14.91% 0.50% 0.05% 0.07% 84.47% 
     Oligoplites saurus 2.99% 0.00% 0.00% 0.00% 97.01% 
     Selar crumenophthalmus 3.11% 0.30% 0.09% 0.08% 96.41% 
     Selene spp. 3.42% 0.01% 0.00% 0.00% 96.57% 
     Seriola spp. 21.76% 5.11% 0.64% 1.04% 71.45% 
     Trachurus lathami 2.93% 0.31% 0.20% 0.28% 96.28% 
Carapidae 12.42% 4.71% 0.38% 0.41% 82.08% 
Chaetodontidae 28.98% 4.24% 0.00% 0.00% 66.78% 
Chlorophthalmidae 33.53% 4.98% 2.05% 1.52% 57.93% 
     Chlorophthalmus agassizi 34.14% 4.30% 1.01% 0.53% 60.02% 
Clupeidae 24.62% 0.22% 0.00% 0.00% 75.15% 
     Brevoortia spp. 0.04% 0.00% 0.00% 0.00% 99.96% 
     Etrumeus teres 7.21% 1.44% 0.01% 0.01% 91.34% 
     Harengula jaguana 16.75% 0.08% 0.00% 0.00% 83.18% 
     Opisthonema oglinum 4.62% 0.00% 0.00% 0.00% 95.38% 
     Sardinella aurita 25.41% 0.82% 0.02% 0.00% 73.75% 
Coryphaenidae 39.71% 6.00% 0.74% 1.89% 51.65% 
     Coryphaena spp. 39.61% 5.98% 0.74% 1.88% 51.79% 
Cynoglossidae 11.12% 0.19% 0.01% 0.00% 88.68% 
     Symphurus spp. 11.35% 0.16% 0.01% 0.00% 88.47% 
Elopidae 8.35% 6.23% 10.23% 0.54% 74.66% 
Engraulidae 8.17% 0.40% 0.00% 0.00% 91.42% 
 
 
 44 
 
Table 8.  (Continued) Estimated proportions of the larval abundance distribution within the study area 
potentially exposed to each of the five levels of oil for the West Florida Slope spill (Scenario 3) centered 
at 27˚ N and 85˚ W from 1 April through 31 July.  Oil surface density levels range from lightest oiling (1) 
to heavy oiling (4) as well as No Oil for where no oil was present.   
 
Taxon 
Oil Surface Density Level 
1 2 3 4 No Oil 
Gempylidae 22.49% 3.62% 0.65% 0.82% 72.41% 
     Diplospinus multistriatus 21.60% 3.37% 0.72% 0.81% 73.50% 
     Gempylus serpens 27.33% 4.08% 0.36% 1.72% 66.51% 
     Nesiarchus nasutus 24.10% 5.75% 0.62% 0.43% 69.10% 
Gonostomatidae 20.49% 4.30% 0.34% 0.85% 74.03% 
     Bonapartia pedaliota 17.43% 0.00% 0.00% 0.68% 81.89% 
     Margrethia obtusirostra 3.75% 0.24% 0.00% 0.00% 96.00% 
Haemulidae 1.42% 0.10% 0.00% 0.00% 98.49% 
Holocentridae 30.56% 26.83% 2.81% 0.26% 39.54% 
Istiophoridae 20.32% 15.61% 0.00% 0.00% 64.07% 
Labridae 28.17% 3.89% 0.31% 0.90% 66.74% 
Lobotidae 1.66% 0.00% 0.00% 1.88% 96.46% 
     Lobotes surinamensis 1.72% 0.00% 0.00% 2.00% 96.28% 
Lutjanidae 6.19% 0.80% 0.17% 0.10% 92.74% 
     Lutjanus spp. 3.91% 0.53% 0.08% 0.05% 95.43% 
     Lutjanus campechanus 3.38% 0.02% 0.00% 0.00% 96.60% 
     Lutjanus griseus 4.74% 0.00% 0.00% 0.00% 95.26% 
     Pristipomoides spp. 4.89% 1.57% 1.06% 0.21% 92.26% 
     Pristipomoides aquilonaris 4.72% 1.59% 1.02% 0.21% 92.46% 
     Rhomboplites aurorubens 10.17% 1.48% 0.04% 0.30% 88.01% 
Luvaridae 11.88% 5.65% 0.00% 11.94% 70.53% 
     Luvarus imperialis 13.22% 5.65% 0.00% 11.72% 69.40% 
Melamphaidae 15.65% 2.53% 0.19% 0.53% 81.10% 
Mugilidae 1.81% 0.21% 0.02% 0.02% 97.94% 
Mullidae 17.61% 7.55% 0.16% 0.87% 73.82% 
Muraenidae 12.15% 4.23% 0.19% 0.27% 83.15% 
Myctophidae 25.67% 5.01% 0.48% 1.45% 67.40% 
     Benthosema suborbitale 17.23% 2.73% 0.21% 0.67% 79.16% 
     Ceratoscopelus warmingii 27.64% 7.38% 0.86% 1.55% 62.58% 
     Diogenichthys atlanticus 19.19% 2.76% 0.20% 0.93% 76.91% 
     Hygophum reinhardtii 22.53% 3.46% 0.36% 0.48% 73.17% 
     Myctophum spp. 30.73% 6.32% 0.52% 1.83% 60.60% 
     Notolychnus valdiviae 18.48% 2.67% 0.42% 0.83% 77.59% 
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Table 8.  (Continued) Estimated proportions of the larval abundance distribution within the study area 
potentially exposed to each of the five levels of oil for the West Florida Slope spill (Scenario 3) centered 
at 27˚ N and 85˚ W from 1 April through 31 July.  Oil surface density levels range from lightest oiling (1) 
to heavy oiling (4) as well as No Oil for where no oil was present.   
 
Taxon 
Oil Surface Density Level 
1 2 3 4 No Oil 
Ophichthidae 6.20% 0.73% 0.02% 0.17% 92.88% 
     Aplatophis chauliodus 2.44% 0.00% 0.00% 0.00% 97.56% 
     Myrophis punctatus 0.08% 0.00% 0.00% 0.00% 99.92% 
     Ophichthus gomesii 8.86% 0.90% 0.00% 0.72% 89.51% 
     Ophichthus rex 7.57% 1.35% 0.00% 0.00% 91.08% 
Paralepididae 25.90% 5.24% 0.47% 1.36% 67.03% 
Paralichthyidae 10.18% 2.03% 0.09% 0.25% 87.46% 
     Citharichthys spp. 14.29% 3.23% 0.15% 0.97% 81.36% 
     Cyclopsetta spp. 8.87% 14.07% 0.00% 1.13% 75.92% 
     Etropus spp. 22.82% 0.35% 0.00% 0.00% 76.83% 
     Syacium spp. 5.95% 1.83% 0.09% 0.04% 92.09% 
Phosichthyidae 19.43% 3.30% 0.21% 0.95% 76.11% 
     Pollichthys mauli 29.93% 2.55% 0.07% 0.40% 67.05% 
     Vinciguerria spp. 18.67% 3.31% 0.21% 0.99% 76.82% 
Pomacanthidae 38.36% 5.17% 1.57% 1.65% 53.24% 
Pomatomidae 13.51% 0.11% 0.00% 0.00% 86.38% 
     Pomatomus saltatrix 13.35% 0.11% 0.00% 0.00% 86.54% 
Priacanthidae 16.22% 9.50% 1.60% 1.03% 71.66% 
Rachycentridae 34.39% 1.83% 0.00% 0.00% 63.78% 
     Rachycentron canadum 36.09% 1.76% 0.00% 0.00% 62.16% 
Scaridae 22.67% 3.64% 0.67% 0.93% 72.09% 
Sciaenidae 2.10% 0.02% 0.00% 0.00% 97.87% 
     Bairdiella chrysoura 1.77% 0.91% 0.00% 0.00% 97.32% 
     Cynoscion spp. 5.23% 0.00% 0.00% 0.00% 94.77% 
     Cynoscion arenarius 7.97% 0.00% 0.00% 0.01% 92.02% 
     Cynoscion nebulosus 10.97% 0.00% 0.00% 0.00% 89.03% 
     Larimus fasciatus 1.50% 0.06% 0.00% 0.00% 98.44% 
     Leiostomus xanthurus 0.10% 0.00% 0.00% 0.02% 99.88% 
     Micropogonias undulatus 0.04% 0.00% 0.00% 0.00% 99.96% 
     Sciaenops ocellatus 0.01% 0.00% 0.00% 0.00% 99.99% 
     Stellifer lanceolatus 1.05% 0.00% 0.00% 0.00% 98.95% 
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Table 8.  (Continued) Estimated proportions of the larval abundance distribution within the study area 
potentially exposed to each of the five levels of oil for the West Florida Slope spill (Scenario 3) centered 
at 27˚ N and 85˚ W from 1 April through 31 July.  Oil surface density levels range from lightest oiling (1) 
to heavy oiling (4) as well as No Oil for where no oil was present.   
 
Taxon 
Oil Surface Density Level 
1 2 3 4 No Oil 
Scombridae 18.56% 4.39% 0.81% 0.93% 75.32% 
     Acanthocybium solandri 41.34% 15.78% 0.00% 1.10% 41.78% 
     Euthynnus alletteratus 14.62% 1.43% 0.65% 0.23% 83.07% 
     Katsuwonus pelamis 34.77% 7.68% 0.72% 1.84% 54.99% 
     Scomber spp. 2.59% 0.31% 0.00% 0.00% 97.10% 
     Scomber colias 0.31% 0.34% 0.00% 0.00% 99.34% 
     Scomberomorus cavalla 1.64% 0.00% 0.00% 0.00% 98.36% 
     Scomberomorus maculatus 8.59% 0.00% 0.00% 0.00% 91.41% 
     Thunnus spp. 20.58% 7.98% 1.70% 2.48% 67.26% 
     Thunnus thynnus 34.7% 8.80% 0.47% 0.91% 55.08% 
Serranidae 18.43% 3.22% 0.32% 0.28% 77.74% 
     Anthias spp. 16.79% 0.58% 2.02% 1.24% 79.37% 
     Hemanthias spp. 31.48% 7.60% 0.00% 0.37% 60.55% 
     Serraniculus pumilio 10.01% 0.00% 0.12% 0.00% 89.87% 
Sparidae 16.36% 0.18% 0.00% 0.00% 83.45% 
     Lagodon rhomboides 0.11% 0.00% 0.00% 0.00% 99.89% 
Sternoptychidae 21.23% 3.51% 0.20% 1.65% 73.42% 
Stomiidae 18.12% 3.29% 0.13% 0.60% 77.86% 
     Chauliodus spp. 12.60% 1.30% 0.05% 0.28% 85.76% 
Stromateidae 4.89% 1.27% 0.01% 0.07% 93.76% 
     Peprilus burti 0.51% 0.03% 0.00% 0.00% 99.46% 
     Peprilus paru 1.61% 0.23% 0.00% 0.00% 98.16% 
Synodontidae 10.10% 2.23% 0.05% 0.16% 87.46% 
     Synodus spp. 22.75% 0.14% 0.00% 0.00% 77.11% 
Xiphiidae      
     Xiphias gladius 25.22% 16.91% 0.00% 0.00% 57.87% 
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Table 9.  Ten species with the highest proportion of their distribution in the study area potentially exposed 
to the West Florida Slope oil spill (Scenario 3) centered at 27˚ N and 85˚ W.  Cumulative Abundance is 
the sum of the abundance (#/10 m
2
) found in every included bongo sample during the 30 year time series. 
 
Family Taxon 
%  
Potentially 
Exposed 
Cumulative 
Abundance 
Holocentridae 
 
60.46% 3801 
Scombridae      Acanthocybium solandri 58.22% 508 
Coryphaenidae      Coryphaena spp. 48.21% 4346 
Pomacanthidae 
 
46.76% 1322 
Scombridae      Katsuwonus pelamis 45.01% 13083 
Scombridae      Thunnus thynnus 44.92% 6364 
Acanthuridae 
 
43.32% 3975 
Xiphiidae      Xiphias gladius 42.13% 135 
Chlorophthalmidae 
 
42.07% 2486 
Chlorophthalmidae      Chlorophthalmus agassizi 39.98% 1485 
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Table 10.  Estimated proportions of the larval abundance distribution within the study area potentially 
exposed to each of the five levels of oil for the Western GOM spill (Scenario 4) centered at 27˚ N and 
93.5˚ W from 1 April through 31 July.  Oil surface density levels range from lightest oiling (1) to heavy 
oiling (4) as well as No Oil for where no oil was present.   
 
Taxon 
Oil Surface Density Level 
1 2 3 4 No Oil 
Acanthuridae 18.06% 0.00% 0.00% 0.00% 81.94% 
Apogonidae 3.79% 0.97% 0.00% 0.00% 95.24% 
Bothidae 8.51% 0.78% 0.00% 0.00% 90.71% 
     Bothus spp. 7.67% 0.85% 0.00% 0.00% 91.48% 
     Engyophrys senta 11.93% 1.92% 0.00% 0.00% 86.15% 
Bregmacerotidae 12.30% 1.19% 0.00% 0.00% 86.51% 
     Bregmaceros spp. 12.32% 1.19% 0.00% 0.00% 86.48% 
Carangidae 5.93% 0.74% 0.00% 0.00% 93.33% 
     Caranx spp. 39.03% 8.52% 0.00% 0.00% 52.45% 
     Chloroscombrus chrysurus 0.82% 0.00% 0.00% 0.00% 99.18% 
     Decapterus punctatus 1.37% 0.04% 0.00% 0.00% 98.59% 
     Oligoplites saurus 10.85% 0.00% 0.00% 0.00% 89.15% 
     Selar crumenophthalmus 11.77% 1.33% 0.00% 0.00% 86.90% 
     Selene spp. 15.93% 1.52% 0.00% 0.00% 82.56% 
     Seriola spp. 13.59% 1.79% 0.00% 0.00% 84.61% 
     Trachurus lathami 2.40% 0.26% 0.00% 0.00% 97.34% 
Carapidae 4.32% 0.41% 0.00% 0.00% 95.27% 
Chaetodontidae 3.86% 0.38% 0.00% 0.00% 95.76% 
Chlorophthalmidae 18.20% 2.84% 0.00% 0.00% 78.96% 
     Chlorophthalmus agassizi 8.41% 4.06% 0.00% 0.00% 87.53% 
Clupeidae 1.10% 0.01% 0.00% 0.00% 98.89% 
     Brevoortia spp. 0.00% 0.00% 0.00% 0.00% 100.00% 
     Etrumeus teres 4.82% 0.12% 0.00% 0.00% 95.06% 
     Harengula jaguana 5.93% 0.15% 0.00% 0.00% 93.92% 
     Opisthonema oglinum 3.27% 0.00% 0.00% 0.00% 96.72% 
     Sardinella aurita 0.40% 0.00% 0.00% 0.00% 99.60% 
Coryphaenidae 18.38% 3.00% 0.00% 0.00% 78.62% 
     Coryphaena spp. 18.38% 2.98% 0.00% 0.00% 78.63% 
Cynoglossidae 7.65% 1.02% 0.00% 0.00% 91.32% 
     Symphurus spp. 7.85% 1.06% 0.00% 0.00% 91.09% 
Elopidae 10.37% 0.00% 0.00% 0.00% 89.63% 
Engraulidae 6.95% 0.28% 0.00% 0.00% 92.77% 
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Table 10.  (Continued) Estimated proportions of the larval abundance distribution within the study area 
potentially exposed to each of the five levels of oil for the Western GOM spill (Scenario 4) centered at 
27˚ N and 93.5˚ W from 1 April through 31 July.  Oil surface density levels range from lightest oiling (1) 
to heavy oiling (4) as well as No Oil for where no oil was present.   
 
Taxon 
Oil Surface Density Level 
1 2 3 4 No Oil 
Gempylidae 17.51% 4.18% 0.00% 0.00% 78.31% 
     Diplospinus multistriatus 18.69% 4.82% 0.00% 0.00% 76.50% 
     Gempylus serpens 23.96% 4.70% 0.00% 0.00% 71.34% 
     Nesiarchus nasutus 12.50% 0.75% 0.00% 0.00% 86.75% 
Gonostomatidae 16.96% 4.13% 0.00% 0.00% 78.91% 
     Bonapartia pedaliota 20.72% 58.17% 0.00% 0.00% 21.11% 
     Margrethia obtusirostra 29.91% 0.23% 0.00% 0.00% 69.86% 
Haemulidae 0.36% 0.00% 0.00% 0.00% 99.64% 
Holocentridae 33.94% 0.18% 0.00% 0.00% 65.89% 
Istiophoridae 26.76% 0.00% 0.00% 0.00% 73.24% 
Labridae 3.66% 0.10% 0.00% 0.00% 96.24% 
Lobotidae 9.95% 0.00% 0.00% 0.00% 90.05% 
     Lobotes surinamensis 9.99% 0.00% 0.00% 0.00% 90.01% 
Lutjanidae 8.49% 1.44% 0.00% 0.00% 90.07% 
     Lutjanus spp. 10.36% 1.74% 0.00% 0.00% 87.90% 
     Lutjanus campechanus 14.73% 3.49% 0.00% 0.00% 81.78% 
     Lutjanus griseus 7.12% 1.50% 0.00% 0.00% 91.38% 
     Pristipomoides spp. 16.68% 1.05% 0.00% 0.00% 82.28% 
     Pristipomoides aquilonaris 17.26% 1.01% 0.00% 0.00% 81.74% 
     Rhomboplites aurorubens 2.88% 0.31% 0.00% 0.00% 96.80% 
Luvaridae 3.44% 2.01% 0.00% 0.00% 94.56% 
     Luvarus imperialis 3.39% 1.95% 0.00% 0.00% 94.66% 
Melamphaidae 11.55% 4.08% 0.00% 0.00% 84.37% 
Mugilidae 1.17% 0.70% 0.00% 0.00% 98.13% 
Mullidae 10.26% 8.45% 0.00% 0.00% 81.29% 
Muraenidae 11.27% 0.09% 0.00% 0.00% 88.64% 
Myctophidae 17.27% 3.64% 0.00% 0.00% 79.09% 
     Benthosema suborbitale 16.27% 4.16% 0.00% 0.00% 79.57% 
     Ceratoscopelus warmingii 17.37% 3.83% 0.00% 0.00% 78.81% 
     Diogenichthys atlanticus 18.15% 5.40% 0.00% 0.00% 76.45% 
     Hygophum reinhardtii 19.15% 5.78% 0.00% 0.00% 75.08% 
     Myctophum spp. 16.63% 1.91% 0.00% 0.00% 81.45% 
     Notolychnus valdiviae 18.29% 4.22% 0.00% 0.00% 77.49% 
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Table 10.  (Continued) Estimated proportions of the larval abundance distribution within the study area 
potentially exposed to each of the five levels of oil for the Western GOM spill (Scenario 4) centered at 
27˚ N and 93.5˚ W from 1 April through 31 July.  Oil surface density levels range from lightest oiling (1) 
to heavy oiling (4) as well as No Oil for where no oil was present.   
 
Taxon 
Oil Surface Density Level 
1 2 3 4 No Oil 
Ophichthidae 5.04% 0.45% 0.00% 0.00% 94.51% 
     Aplatophis chauliodus 2.90% 2.00% 0.00% 0.00% 95.11% 
     Myrophis punctatus 0.08% 0.07% 0.00% 0.00% 99.85% 
     Ophichthus gomesii 12.31% 0.23% 0.00% 0.00% 87.46% 
     Ophichthus rex 9.12% 0.55% 0.00% 0.00% 90.33% 
Paralepididae 20.40% 3.44% 0.00% 0.00% 76.16% 
Paralichthyidae 8.98% 0.25% 0.00% 0.00% 90.77% 
     Citharichthys spp. 5.67% 0.35% 0.00% 0.00% 93.99% 
     Cyclopsetta spp. 18.94% 0.92% 0.00% 0.00% 80.14% 
     Etropus spp. 2.88% 0.01% 0.00% 0.00% 97.11% 
     Syacium spp. 11.65% 0.26% 0.00% 0.00% 88.09% 
Phosichthyidae 16.20% 4.02% 0.00% 0.00% 79.78% 
     Pollichthys mauli 8.00% 0.57% 0.00% 0.00% 91.43% 
     Vinciguerria spp. 16.86% 4.26% 0.00% 0.00% 78.88% 
Pomacanthidae 23.37% 0.00% 0.00% 0.00% 76.63% 
Pomatomidae 1.83% 0.00% 0.00% 0.00% 98.17% 
     Pomatomus saltatrix 1.85% 0.00% 0.00% 0.00% 98.15% 
Priacanthidae 15.01% 0.11% 0.00% 0.00% 84.88% 
Rachycentridae 22.50% 0.00% 0.00% 0.00% 77.50% 
     Rachycentron canadum 22.51% 0.00% 0.00% 0.00% 77.49% 
Scaridae 11.11% 0.15% 0.00% 0.00% 88.74% 
Sciaenidae 0.41% 0.01% 0.00% 0.00% 99.59% 
     Bairdiella chrysoura 1.73% 0.00% 0.00% 0.00% 98.27% 
     Cynoscion spp. 0.87% 0.00% 0.00% 0.00% 99.13% 
     Cynoscion arenarius 0.38% 0.00% 0.00% 0.00% 99.62% 
     Cynoscion nebulosus 0.73% 0.00% 0.00% 0.00% 99.27% 
     Larimus fasciatus 1.27% 0.00% 0.00% 0.00% 98.73% 
     Leiostomus xanthurus 0.02% 0.04% 0.00% 0.00% 99.93% 
     Micropogonias undulatus 0.14% 0.00% 0.00% 0.00% 99.86% 
     Sciaenops ocellatus 0.00% 0.00% 0.00% 0.00% 100.00% 
     Stellifer lanceolatus 0.22% 0.00% 0.00% 0.00% 99.78% 
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Table 10.  (Continued) Estimated proportions of the larval abundance distribution within the study area 
potentially exposed to each of the five levels of oil for the Western GOM spill (Scenario 4) centered at 
27˚ N and 93.5˚ W from 1 April through 31 July.  Oil surface density levels range from lightest oiling (1) 
to heavy oiling (4) as well as No Oil for where no oil was present.   
 
Taxon 
Oil Surface Density Level 
1 2 3 4 No Oil 
Scombridae 21.65% 3.98% 0.00% 0.00% 74.36% 
     Acanthocybium solandri 17.94% 2.00% 0.00% 0.00% 80.06% 
     Euthynnus alletteratus 17.24% 5.26% 0.00% 0.00% 77.50% 
     Katsuwonus pelamis 21.30% 3.90% 0.00% 0.00% 74.80% 
     Scomber spp. 1.97% 0.00% 0.00% 0.00% 98.03% 
     Scomber colias 0.07% 0.00% 0.00% 0.00% 99.93% 
     Scomberomorus cavalla 7.13% 0.38% 0.00% 0.00% 92.50% 
     Scomberomorus maculatus 3.97% 0.00% 0.00% 0.00% 96.03% 
     Thunnus spp. 24.71% 5.01% 0.00% 0.00% 70.28% 
     Thunnus thynnus 43.10% 19.16% 0.00% 0.00% 37.74% 
Serranidae 11.93% 1.55% 0.00% 0.00% 86.53% 
     Anthias spp. 14.86% 6.48% 0.00% 0.00% 78.66% 
     Hemanthias spp. 21.79% 2.36% 0.00% 0.00% 75.85% 
     Serraniculus pumilio 1.08% 0.00% 0.00% 0.00% 98.92% 
Sparidae 2.30% 0.02% 0.00% 0.00% 97.68% 
     Lagodon rhomboides 0.01% 0.00% 0.00% 0.00% 99.99% 
Sternoptychidae 12.91% 2.41% 0.00% 0.00% 84.68% 
Stomiidae 11.99% 2.42% 0.00% 0.00% 85.59% 
     Chauliodus spp. 11.06% 2.43% 0.00% 0.00% 86.51% 
Stromateidae 4.58% 0.22% 0.00% 0.00% 95.21% 
     Peprilus burti 1.48% 0.07% 0.00% 0.00% 98.45% 
     Peprilus paru 1.15% 0.00% 0.00% 0.00% 98.85% 
Synodontidae 16.42% 1.12% 0.00% 0.00% 82.46% 
     Synodus spp. 26.09% 0.00% 0.00% 0.00% 73.91% 
Xiphiidae      
     Xiphias gladius 19.30% 0.00% 0.00% 0.00% 80.70% 
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Table 11.  Ten species with the highest proportion of their distribution in the study area potentially 
exposed to the West Florida Slope oil spill (Scenario 4) centered at 27˚ N and 93.5˚ W.  Cumulative 
Abundance is the sum of the abundance (#/10 m
2
) found in every included bongo sample during the 30 
year time series. 
 
Family Taxon 
%  
Potentially 
Exposed 
Cumulative 
Abundance 
Gonostomatidae      Bonapartia pedaliota 78.89% 996 
Scombridae      Thunnus thynnus 62.26% 6364 
Carangidae      Caranx spp. 47.55% 28092 
Holocentridae 
 
34.11% 3801 
Gonostomatidae      Margrethia obtusirostra 30.14% 406 
Scombridae      Thunnus spp. 29.72% 46989 
Gempylidae      Gempylus serpens 28.66% 2381 
Istiophoridae 
 
26.76% 1055 
Synodontidae      Synodus spp. 26.09% 3704 
Scombridae 
 
25.64% 208144 
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Table 12.  Comparison of the proportions of larval distributions potentially exposed to oil within the study 
area for the 4 different oil scenarios (DWH Scenario #1, September Scenario #2, West Florida Slope 
Scenario #3,  Western GOM Scenario #4).  Proportions are displayed with graduated colors. 
 
Taxon 
DWH 
Scenario 
#1 
Autumn/ 
Winter 
Scenario 
#2 
West Florida 
Slope 
Scenario 
#3 
Western 
GOM 
Scenario 
#4 
Acanthuridae 5.91% 3.54% 43.32% 18.06% 
Apogonidae 2.41% 1.84% 25.09% 4.76% 
Bothidae 5.12% 7.60% 16.68% 9.29% 
     Bothus spp. 2.87% 6.57% 14.95% 8.52% 
     Engyophrys senta 1.78% 2.32% 0.62% 13.85% 
Bregmacerotidae 6.72% 7.64% 11.27% 13.49% 
     Bregmaceros spp. 6.72% 7.63% 11.27% 13.52% 
Carangidae 7.84% 4.10% 10.09% 6.67% 
     Caranx spp. 18.91% 0.90% 29.04% 47.55% 
     Chloroscombrus chrysurus 8.56% 4.05% 2.18% 0.82% 
     Decapterus punctatus 1.59% 4.17% 15.53% 1.41% 
     Oligoplites saurus 6.82% 0.12% 2.99% 10.85% 
     Selar crumenophthalmus 2.57% 9.05% 3.59% 13.10% 
     Selene spp. 4.14% 6.23% 3.43% 17.44% 
     Seriola spp. 9.37% 9.52% 28.55% 15.39% 
     Trachurus lathami 1.49% 1.38% 3.72% 2.66% 
Carapidae 3.50% 6.22% 17.92% 4.73% 
Chaetodontidae 8.92% 1.12% 33.22% 4.24% 
Chlorophthalmidae 3.78% 7.86% 42.07% 21.04% 
     Chlorophthalmus agassizi 4.53% 11.80% 39.98% 12.47% 
Clupeidae 2.73% 10.30% 24.85% 1.11% 
     Brevoortia spp. 0.07% 20.62% 0.04% 0.00% 
     Etrumeus teres 5.42% 21.60% 8.66% 4.94% 
     Harengula jaguana 14.64% 11.93% 16.82% 6.08% 
     Opisthonema oglinum 8.53% 6.22% 4.62% 3.28% 
     Sardinella aurita 0.42% 0.42% 26.25% 0.40% 
Coryphaenidae 12.50% 1.25% 48.35% 21.38% 
     Coryphaena spp. 12.46% 1.24% 48.21% 21.37% 
Cynoglossidae 9.05% 5.64% 11.32% 8.68% 
     Symphurus spp. 9.01% 5.54% 11.53% 8.91% 
Elopidae 0.50% 38.31% 25.34% 10.37% 
Engraulidae 24.33% 7.74% 8.58% 7.23% 
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Table 12.  (Continued) Comparison of the proportions of larval distributions potentially exposed to oil 
within the study area for the 4 different oil scenarios (DWH Scenario #1, September Scenario #2, West 
Florida Slope Scenario #3,  Western GOM Scenario #4).  Proportions are displayed with graduated 
colors. 
 
Taxon 
DWH 
Scenario 
#1 
Autumn/ 
Winter 
Scenario 
#2 
West Florida 
Slope 
Scenario 
#3 
Western 
GOM 
Scenario 
#4 
Gempylidae 7.12% 5.90% 27.59% 21.69% 
     Diplospinus multistriatus 7.51% 6.76% 26.50% 23.50% 
     Gempylus serpens 6.26% 5.42% 33.49% 28.66% 
     Nesiarchus nasutus 3.45% 1.56% 30.90% 13.25% 
Gonostomatidae 10.34% 5.59% 25.97% 21.09% 
     Bonapartia pedaliota 2.48% 0.00% 18.11% 78.89% 
     Margrethia obtusirostra 1.73% 29.11% 4.00% 30.14% 
Haemulidae 0.69% 0.61% 1.51% 0.36% 
Holocentridae 1.49% 0.27% 60.46% 34.11% 
Istiophoridae 1.97% 0.46% 35.93% 26.76% 
Labridae 18.02% 7.88% 33.26% 3.76% 
Lobotidae 0.21% 2.72% 3.54% 9.95% 
     Lobotes surinamensis 0.20% 2.75% 3.72% 9.99% 
Lutjanidae 2.62% 4.70% 7.26% 9.93% 
     Lutjanus spp. 3.98% 2.93% 4.57% 12.10% 
     Lutjanus campechanus 4.97% 6.06% 3.40% 18.22% 
     Lutjanus griseus 5.76% 2.04% 4.74% 8.62% 
     Pristipomoides spp. 4.21% 3.66% 7.74% 17.72% 
     Pristipomoides aquilonaris 4.05% 3.61% 7.54% 18.26% 
     Rhomboplites aurorubens 1.48% 6.21% 11.99% 3.20% 
Luvaridae 0.22% 0.44% 29.47% 5.44% 
     Luvarus imperialis 0.21% 0.43% 30.60% 5.34% 
Melamphaidae 5.35% 9.85% 18.90% 15.63% 
Mugilidae 1.53% 13.09% 2.06% 1.87% 
Mullidae 6.29% 4.30% 26.18% 18.71% 
Muraenidae 7.86% 4.66% 16.85% 11.36% 
Myctophidae 14.48% 5.79% 32.60% 20.91% 
     Benthosema suborbitale 7.85% 5.22% 20.84% 20.43% 
     Ceratoscopelus warmingii 8.48% 4.89% 37.42% 21.19% 
     Diogenichthys atlanticus 8.72% 6.50% 23.09% 23.55% 
     Hygophum reinhardtii 8.15% 6.58% 26.83% 24.92% 
     Myctophum spp. 12.46% 3.56% 39.40% 18.55% 
     Notolychnus valdiviae 6.63% 5.46% 22.41% 22.51% 
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Table 12.  (Continued) Comparison of the proportions of larval distributions potentially exposed to oil 
within the study area for the 4 different oil scenarios (DWH Scenario #1, September Scenario #2, West 
Florida Slope Scenario #3,  Western GOM Scenario #4).  Proportions are displayed with graduated 
colors. 
 
Taxon 
DWH 
Scenario 
#1 
Autumn/ 
Winter 
Scenario 
#2 
West Florida 
Slope 
Scenario 
#3 
Western 
GOM 
Scenario 
#4 
Ophichthidae 5.65% 22.49% 7.12% 5.49% 
     Aplatophis chauliodus 4.91% 11.44% 2.44% 4.89% 
     Myrophis punctatus 0.05% 29.44% 0.08% 0.15% 
     Ophichthus gomesii 9.11% 9.20% 10.49% 12.54% 
     Ophichthus rex 3.43% 16.79% 8.92% 9.67% 
Paralepididae 16.03% 5.47% 32.97% 23.84% 
Paralichthyidae 6.55% 6.71% 12.54% 9.23% 
     Citharichthys spp. 5.84% 9.23% 18.64% 6.01% 
     Cyclopsetta spp. 5.14% 4.27% 24.08% 19.86% 
     Etropus spp. 20.86% 11.55% 23.17% 2.89% 
     Syacium spp. 3.53% 4.51% 7.91% 11.91% 
Phosichthyidae 8.38% 7.12% 23.89% 20.22% 
     Pollichthys mauli 2.31% 8.53% 32.95% 8.57% 
     Vinciguerria spp. 8.83% 7.03% 23.18% 21.12% 
Pomacanthidae 9.34% 0.41% 46.76% 23.37% 
Pomatomidae 1.64% 32.54% 13.62% 1.83% 
     Pomatomus saltatrix 1.62% 32.59% 13.46% 1.85% 
Priacanthidae 1.74% 1.68% 28.34% 15.12% 
Rachycentridae 21.94% 8.93% 36.22% 22.50% 
     Rachycentron canadum 22.52% 8.59% 37.84% 22.51% 
Scaridae 3.33% 4.14% 27.91% 11.26% 
Sciaenidae 2.75% 29.45% 2.13% 0.41% 
     Bairdiella chrysoura 6.59% 26.66% 2.68% 1.73% 
     Cynoscion spp. 10.43% 7.00% 5.23% 0.87% 
     Cynoscion arenarius 15.53% 6.51% 7.98% 0.38% 
     Cynoscion nebulosus 28.63% 8.64% 10.97% 0.73% 
     Larimus fasciatus 1.85% 9.98% 1.56% 1.27% 
     Leiostomus xanthurus 0.52% 69.73% 0.12% 0.07% 
     Micropogonias undulatus 0.25% 32.32% 0.04% 0.14% 
     Sciaenops ocellatus 0.02% 29.78% 0.01% 0.00% 
     Stellifer lanceolatus 4.35% 8.96% 1.05% 0.22% 
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Table 12.  (Continued) Comparison of the proportions of larval distributions potentially exposed to oil 
within the study area for the 4 different oil scenarios (DWH Scenario #1, September Scenario #2, West 
Florida Slope Scenario #3,  Western GOM Scenario #4).  Proportions are displayed with graduated 
colors. 
 
Taxon 
DWH 
Scenario 
#1 
Autumn/ 
Winter 
Scenario 
#2 
West Florida 
Slope 
Scenario 
#3 
Western 
GOM 
Scenario 
#4 
Scombridae 7.70% 3.00% 24.68% 25.64% 
     Acanthocybium solandri 20.41% 0.73% 58.22% 19.94% 
     Euthynnus alletteratus 9.65% 2.23% 16.93% 22.50% 
     Katsuwonus pelamis 10.02% 3.49% 45.01% 25.20% 
     Scomber spp. 0.66% 0.14% 2.90% 1.97% 
     Scomber colias 0.00% 0.00% 0.66% 0.07% 
     Scomberomorus cavalla 3.73% 3.77% 1.64% 7.50% 
     Scomberomorus maculatus 13.90% 2.55% 8.59% 3.97% 
     Thunnus spp. 7.08% 2.75% 32.74% 29.72% 
     Thunnus thynnus 14.47% 0.00% 44.92% 62.26% 
Serranidae 6.07% 5.13% 22.26% 13.47% 
     Anthias spp. 3.53% 13.64% 20.63% 21.34% 
     Hemanthias spp. 5.61% 5.57% 39.45% 24.15% 
     Serraniculus pumilio 0.50% 4.76% 10.13% 1.08% 
Sparidae 0.87% 14.76% 16.55% 2.32% 
     Lagodon rhomboides 0.36% 2.20% 0.11% 0.01% 
Sternoptychidae 12.96% 5.92% 26.58% 15.32% 
Stomiidae 8.58% 8.94% 22.14% 14.41% 
     Chauliodus spp. 7.21% 9.19% 14.24% 13.49% 
Stromateidae 2.92% 16.31% 6.24% 4.79% 
     Peprilus burti 0.79% 20.66% 0.54% 1.55% 
     Peprilus paru 5.28% 7.00% 1.84% 1.15% 
Synodontidae 5.91% 4.61% 12.54% 17.54% 
     Synodus spp. 8.06% 10.28% 22.89% 26.09% 
Xiphiidae 0.00% 0.00% 42.07% 19.03% 
     Xiphias gladius 0.00% 0.00% 42.13% 19.30% 
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Figure 9.  Estimated proportions of various taxa potentially exposed to DWH oil (Scenario 1).  These 
estimates were calculated by the intersection of NOAA oiled area and standardized abundance of various 
taxa from April through July.  The null hypothesis potential exposure line of 6% for a uniformly 
distributed theoretical taxon is shown by the blue line. 
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Figure 9.  (Continued) Estimated proportions of various taxa potentially exposed to DWH oil (Scenario 
1).  These estimates were calculated by the intersection of NOAA oiled area and standardized abundance 
of various taxa from April through July.  The null hypothesis potential exposure line of 6% for a 
uniformly distributed theoretical taxon is shown by the blue line. 
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Figure 9.  (Continued)  Estimated proportions of various taxa potentially exposed to DWH oil (Scenario 
1).  These estimates were calculated by the intersection of NOAA oiled area and standardized abundance 
of various taxa from April through July.  The null hypothesis potential exposure line of 6% for a 
uniformly distributed theoretical taxon is shown by the blue line. 
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Figure 10.  Bootstrapping results for DWH scenario proportions of various taxa potentially exposed to oil 
(n=1000). 
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Figure 11.  Distributions for proportions of fish taxa are calculated for each five-year period for years 
1982-2009.  Each of the six box plots per taxon represent a five year period of the dataset and are 
displayed top to bottom chronologically (the last grouping contains 3 years [2007-2009]).  Results were 
obtained from a bootstrapping procedure (n=1000).  Results with no box plot are where the entire box 
plot was calculated as 0%.  Results with a gray box indicate that no fish larvae of that taxon were 
recorded in the bootstrapping procedure for that block of time.    
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Figure 11.  (Continued) Distributions for proportions of fish taxa are calculated for each five-year period 
for years 1982-2009.  Each of the six box plots per taxon represent a five year period of the dataset and 
are displayed top to bottom chronologically (the last grouping contains 3 years [2007-2009]).  Results 
were obtained from a bootstrapping procedure (n=1000).  Results with no box plot are where the entire 
box plot was calculated as 0%.  Results with a gray box indicate that no fish larvae of that taxon were 
recorded in the bootstrapping procedure for that block of time.    
 63 
 
 
 
Figure 11.  (Continued) Distributions for proportions of fish taxa are calculated for each five-year period 
for years 1982-2009.  Each of the six box plots per taxon represent a five year period of the dataset and 
are displayed top to bottom chronologically (the last grouping contains 3 years [2007-2009]).  Results 
were obtained from a bootstrapping procedure (n=1000).  Results with no box plot are where the entire 
box plot was calculated as 0%.  Results with a gray box indicate that no fish larvae of that taxon were 
recorded in the bootstrapping procedure for that block of time.    
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Figure 11.  (Continued) Distributions for proportions of fish taxa are calculated for each five-year period 
for years 1982-2009.  Each of the six box plots per taxon represent a five year period of the dataset and 
are displayed top to bottom chronologically (the last grouping contains 3 years [2007-2009]).  Results 
were obtained from a bootstrapping procedure (n=1000).  Results with no box plot are where the entire 
box plot was calculated as 0%.  Results with a gray box indicate that no fish larvae of that taxon were 
recorded in the bootstrapping procedure for that block of time.    
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Figure 11.  (Continued) Distributions for proportions of fish taxa are calculated for each five-year period 
for years 1982-2009.  Each of the six box plots per taxon represent a five year period of the dataset and 
are displayed top to bottom chronologically (the last grouping contains 3 years [2007-2009]).  Results 
were obtained from a bootstrapping procedure (n=1000).  Results with no box plot are where the entire 
box plot was calculated as 0%.  Results with a gray box indicate that no fish larvae of that taxon were 
recorded in the bootstrapping procedure for that block of time.    
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Figure 11.  (Continued) Distributions for proportions of fish taxa are calculated for each five-year period 
for years 1982-2009.  Each of the six box plots per taxon represent a five year period of the dataset and 
are displayed top to bottom chronologically (the last grouping contains 3 years [2007-2009]).  Results 
were obtained from a bootstrapping procedure (n=1000).  Results with no box plot are where the entire 
box plot was calculated as 0%.  Results with a gray box indicate that no fish larvae of that taxon were 
recorded in the bootstrapping procedure for that block of time.    
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Figure 12.  Estimated proportions of select taxa potentially exposed to September oil spill (Scenario 2).  
These estimates were calculated by the intersection of DWH NOAA oiled area and standardized 
abundance of various taxa from 1 September through 31 December.  The null hypothesis potential 
exposure line of 6% for a uniformly distributed theoretical taxon is shown by the blue line. 
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Figure 12.  (Continued)  Estimated proportions of select taxa potentially exposed to September oil spill 
(Scenario 2).  These estimates were calculated by the intersection of DWH NOAA oiled area and 
standardized abundance of various taxa from 1 September through 31 December.  The null hypothesis 
potential exposure line of 6% for a uniformly distributed theoretical taxon is shown by the blue line. 
 
 69 
 
 
 Figure 12.  (Continued)  Estimated proportions of select taxa potentially exposed to September oil spill 
(Scenario 2).  These estimates were calculated by the intersection of DWH NOAA oiled area and 
standardized abundance of various taxa from 1 September through 31 December.  The null hypothesis 
potential exposure line of 6% for a uniformly distributed theoretical taxon is shown by the blue line. 
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Figure 13.  Estimated proportions of select taxa potentially exposed to oil from a simulated oil spill on the 
West Florida Slope centered at 27˚ N and 85˚ W (Scenario 3).  These estimates were calculated by the 
intersection of the simulated oiled area and standardized abundance of various taxa from April through 
July.  The null hypothesis potential exposure line of 15% for a uniformly distributed theoretical taxon is 
shown by the blue line. 
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 Figure 13.  (Continued)  Estimated proportions of select taxa potentially exposed to oil from a simulated 
oil spill on the West Florida Slope centered at 27˚ N and 85˚ W (Scenario 3).  These estimates were 
calculated by the intersection of the simulated oiled area and standardized abundance of various taxa from 
April through July.  The null hypothesis potential exposure line of 15% for a uniformly distributed 
theoretical taxon is shown by the blue line. 
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Figure 13.  (Continued)  Estimated proportions of select taxa potentially exposed to oil from a simulated 
oil spill on the West Florida Slope centered at 27˚ N and 85˚ W (Scenario 3).  These estimates were 
calculated by the intersection of the simulated oiled area and standardized abundance of various taxa from 
April through July.  The null hypothesis potential exposure line of 15% for a uniformly distributed 
theoretical taxon is shown by the blue line. 
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Figure 14.  Estimated proportions of select taxa potentially exposed to oil from a simulated oil spill in the 
western GOM centered at 27˚ N and 93.5˚ W (Scenario 4).  These estimates were calculated by the 
intersection of the simulated oiled area and standardized abundance of various taxa from April through 
July.  The null hypothesis potential exposure line of 9% for a uniformly distributed theoretical taxon is 
represented by the blue line. 
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Figure 14.  (Continued)  Estimated proportions of select taxa potentially exposed to oil from a simulated 
oil spill in the western GOM centered at 27˚ N and 93.5˚ W (Scenario 4).  These estimates were 
calculated by the intersection of the simulated oiled area and standardized abundance of various taxa from 
April through July.  The null hypothesis potential exposure line of 9% for a uniformly distributed 
theoretical taxon is represented by the blue line. 
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Figure 14.  (Continued)  Estimated proportions of select taxa potentially exposed to oil from a simulated 
oil spill in the western GOM centered at 27˚ N and 93.5˚ W (Scenario 4).  These estimates were 
calculated by the intersection of the simulated oiled area and standardized abundance of various taxa from 
April through July.  The null hypothesis potential exposure line of 9% for a uniformly distributed 
theoretical taxon is represented by the blue line. 
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Figure 15.  Species richness (number of species) within each 0.5˚ longitude and latitude square by quarter 
(Left).  Shannon’s diversity index (by species) within each 0.5˚ longitude and latitude square by quarter 
(Right).  (Q1 = January - March, Q2 = April – June, Q3 = July – September, Q4 = October – December) 
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Figure 15.  (Continued)  Species richness (number of species) within each 0.5˚ longitude and latitude 
square by quarter (Left).  Shannon’s diversity index (by species) within each 0.5˚ longitude and latitude 
square by quarter (Right).  (Q1 = January - March, Q2 = April – June, Q3 = July – September, Q4 = 
October – December) 
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CHAPTER FOUR: DISCUSSION 
 
 
 
Fish larvae are sensitive to the presence of crude oil, and negative effects can be detected in 
larvae at oil concentrations as low as 0.4 ppb (Incardona et al. 2013; Hicken et al. 2011; Incardona et al. 
2004; Carls et al. 1999).  The DWH oil persisted at the surface for nearly three months and intersected the 
time when larvae are present for a number of commercially, recreationally and ecologically important 
species in the Gulf of Mexico.  The objective of this study was to estimate the maximum proportions of 
fish taxa whose larvae were potentially exposed to both the DWH spill as well as provide a model that 
can be used to estimate the proportions of fish taxa that would be potentially exposed to oil from any 
hypothetical oil spill in the northern GOM.   
 
Hypothesis #1 - DWH Oil Spill Impact on Total Larval Production 
 To test the first null hypothesis that the DWH oil spill overlapped a negligible proportion of the 
total larval production of fishes in the Gulf of Mexico, I analyzed spatial distributions of various fish taxa 
within the study area overlain with surface oil distributions of DWH oil from analysis by Murawski et al. 
(2014).  Relative to a null hypothesis of a 6.3% overlap under the assumption of uniform spatial and 
temporal distribution of larvae, 35 of 108 taxa (34%) had overlaps in excess of the 6.3% standard (Figure 
9), leading to the conclusion that for some taxa, larvae were more abundant in the DWH oil spill area 
during April through July than other areas and/or times in the Gulf of Mexico (Table 5).  
This study only looked at the overlap of the oil and the fish larvae within the study area and 
therefore does not necessarily estimate total proportion of larvae that was exposed to oil within the Gulf 
of Mexico if larvae occur outside of the sampling frame.  For example, a number of species (e.g. Bluefin 
Tuna) have larval distributions extending further south than the SEAMAP grid, and thus substantial larval 
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distribution occurs south of SEAMAP stations, so it is likely that the study area does not cover a large 
part of their distribution.  This leads to a potential overestimation of the proportion exposed in examples 
where a large proportion of the larvae are beyond the study area and out of the oiled area.  Similarly, 
Cynoscion arenarius is an inshore spawner (Ditty et al. 1991), and thus substantial larval distribution 
occurs inshore of SEAMAP stations, so it is likely that the study area does not cover a large part of their 
distribution.  However, impact estimates from this study could be underestimated for fishes such as S. 
maculatus, and C. nebulosus that spawn in or near coastal inlets and marshes where SEAMAP sampling 
does not extend but DWH oil did.  Additionally, fishes whose larval distributions lie in waters deeper than 
200 m, such as the macrouids whose larvae are thought to aggregate at the thermocline, may also be under 
represented.  DWH oil plumes were present at these depths, but the SEAMAP surveys do not extend past 
200 m.  In order to improve these estimates, larval distributions from other areas and depths of the Gulf of 
Mexico are thus needed.   
The decision not to include data from Neuston samples was based on the need to include the 
maximum number of taxa in these analyses. It was shown that the larvae of more taxa of fishes overall are 
captured in bongo than in Neuston net samples in the northeastern Gulf of Mexico (Lyczkowski-Shultz et 
al. 2013). However, these authors found, based on a synthesis of SEAMAP ichthyoplankton data for 61 
taxa from surveys in 1982 to 1999 that the larvae of 11 taxa were found predominately in Neuston 
samples.  It is therefore likely, that inclusion of SEAMAP data from Neuston samples in the present 
analyses would have resulted in significant differences in its results for some taxa.  
The current version of my model only allows inputs for the time frame of the spill in complete 
(integer) months.  So for the DWH oil spill, the full spatial extent of the oil spill was run for the complete 
months of April through July (about 120 days).  Since the spill began on April 20
th
, 2010 and the full 
extent of the oil distribution was not realized immediately, assuming that the entire DWH oil spill area 
was covered beginning on April 1
st
 could lead to a slight overestimation of the population potentially 
exposed.  This overestimation could be especially apparent for species with concentrated spawning in 
April such as Thunnus thynnus (Muhling et al. 2010), which may explain why the estimate predicted by 
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this model (14.5%) is slightly higher than that of Muhling et al. (2012) [<12%].  To improve these 
estimates, model refinements to model days of the month that larvae existed in relation to daily oil 
trajectories would be appropriate. 
Each month is not represented equally in the dataset.  Station records for samples collected during 
May and September make up over 45% of the station records included, whereas January and February 
stations each make up between 1% and 2% of the station records (Table 2).  The other eight months each 
make up between 2.7% and 9.2% of the stations sampled.  Due to this discrepancy in the number of 
stations being used to predict the larval abundance, we would expect estimates based on spring and fall oil 
spills to be more robust than estimates for winter spills.   
  
Hypothesis #2 - Variability in the DWH Proportion Estimates 
To test the second null hypothesis that the distributions of fish larvae are seasonally stable among 
years, and thus data from the 1980s are equally informative of the likely impacts of DWH as are data 
from the 2010s, two different methods were developed.   
To test the robustness of the data and the inherent variation among stations, a bootstrapping 
method was used where the stations were randomly sampled and the proportions potentially exposed to 
DWH oil were calculated for each taxon.  The set of proportions of larvae from each interation were used 
to develop box plots for each taxon in order to determine the sensitivity of the calculated proportions to 
temporal variation of the subset of data chosen.  The inner-quartile range (IQR) of these proportions 
varied from 0% to 17.4% (Figure 10).  Over 97% of the taxa had IQR widths of less than 5% and over 
45% of the taxa had IQR widths of less than 1%.  Variability seems to be inversely proportional to the 
larval abundance in the dataset, with the three taxa exhibiting the largest IQR widths all having 
cumulative abundance of < 700 recorded in the SEAMAP dataset within the study area throughout the 
entire time period. 
To test the robustness of the data over time and to determine if any temporal trends were visible 
in the DWH estimates, the stations were divided into five-year consecutive increments and the 
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bootstrapping method was performed on each multi year grouping.  Box plots were developed for each 
taxon for each five-year period.  If for one taxon, the five-year box plots do not overlap at all, the five-
year blocks are considered significantly different.  Sixty seven of the 108 taxa that were included in the 
bootstrapping five-year plots had all five-year box plots overlap, while 41 did not.  Some taxa showed 
large variations between the five-year plots.  No significant trends, where the proportion potentially 
exposed to oil was consistently increasing or decreasing throughout the five time periods and intervals did 
not overlap, were identified for any taxon except for the Myctophidae (as well as Myctophum spp.), which 
demonstrated a significant decreasing trend in proportional overlap with the DWH oiled area.  These five 
year variations box plots, as well as the overall box plot, should be noted when considering the reliability 
of the estimated proportion of fish larvae potentially exposed to oil for any of the included taxa.     
 
Hypothesis #3 - September Oil Spill Impact to Total Larval Production 
To test the third hypothesis that any oil spill in the Gulf of Mexico, no matter when it occurred, 
would also have a negligible impact on larvae of marine taxa, I ran my model using the same oil 
distribution for the DWH oil spill but changing the months of effect from April through July, to 
September through December, to simulate a spill occurring during the fall months.  The taxa affected by 
the September study were vastly different from those affected by DWH, due to the different spawning 
times of the various species.  In particular, the model estimated that the larvae of Leiostomus xanthurus, 
Elopidae, and Brevoortia spp. had proportions of larvae potentially exposed to the simulated oil of 69.7%, 
38.3%, and 20.6% respectively, none of which were in the top ten taxa list of potentially exposed taxa for 
April through July (Table 5 and Table 7).  All four of these taxa had estimated proportions of potential 
exposure to oil of less than 1% for the DWH study (Scenario 1).   
Brevoortia spp. typically spawn offshore in the autumn and early winter (Vaughan et al. 2007) 
leading to a higher estimate of the proportion of larvae potentially exposed to oil in the September 
scenario (Scenario 2) as opposed to the DWH scenario (Scenario 1).      
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Hypothesis #4  - WFS and WGOM Oil Spill Impact to Total Larval Production 
 To test the fourth hypothesis, that any oil spill no matter where it occurred in the Gulf of Mexico 
would also have a negligible impact on larvae of marine taxa, the model was run using the same time 
frame as the DWH spill (April – July) but with an oil distribution for a spill occurring on the West Florida 
Slope centered at 27˚ N and 85˚ W.  The surface spatial distribution of this simulated oil spill differed 
from the DWH spill modeled by NOAA in that it had a much larger surface distribution, and some oil 
from that simulation was carried through the Florida Straits and up the east coast.  The percentage of the 
study area covered by the Scenario 3 simulation was also much larger than that of the DWH spill (46% vs 
19% of the area), and thus one would expect higher percentages of larvae of fish taxa potentially exposed 
to oil in this scenario as compared to scenarios 1 and 2 based on a null hypothesis of uniform spatial and 
temporal distribution of fish larvae.  It is also likely that these estimates underestimate the proportion of 
fish taxa potentially exposed, if significant proportions of the larval distribution and oil lie outside of the 
study area (Figure 7).   
 Of the four spills modeled in this study, Scenario 3 had in total the highest estimated overlap with 
fish larval taxa.  Fifty four of the 115 selected fish taxa had percentages of larvae potentially exposed to 
oil in excess of 20%, compared to only 7 for Scenario 1 and 15 for Scenario 2.  Even considering that the 
West Florida Slope spill covered 140% more of the study area than each of the first two scenarios, a 
larger number of fish taxa within this group occur than we would expect under a hypothesis of uniform 
density over time and space, leading to the conclusion that the West Florida Slope, during the months of 
April – July, may be especially vulnerable to oil spill effect.  In particular, species typically found on 
coral reefs are more dominant on the West Florida Slope than elsewhere in the GOM, and these species 
appear to be differentially affected in this scenario (e.g. squirrelfish).   
 Selected fish taxa differentially affected under Scenario 3 include Holocentridae (squirrelfishes) 
at 60.5%; Acanthocybium solandri (wahoo): 58.2%, Coryphaena spp.: 48.2%, Pomacanthidae: 46.8%, 
Katsuwonus pelamis (Skipjack tuna): 45.0% and Thunnus thynnus (Bluefin tuna): 44.9%. 
 83 
 
 An additional hypothetical oil spill centered at 27˚ N and 93.5˚ W was evaluated to provide a 
second example to test the fourth hypothesis.  The surface spatial distribution of this simulated oil spill 
differed substantially from scenarios 1-3.  The boundaries of the Scenario 4 spill exceeded the study area 
boundaries, particularly expanding south into Mexican waters (Figure 8).  In this distribution, the more 
heavily oiled categories (category 3 and 4) occurred outside of the study area.  The percentage of the 
study area covered by the simulation was moderately larger than that of the DWH spill (28% vs 19% of 
the area), and thus I expect moderately higher percentages of larvae of fish taxa potentially exposed to oil 
in this scenario as compared to scenarios 1 and 2 based on a null hypothesis of uniform spatial and 
temporal distribution of fish larvae.  As with the West Florida Slope study (Scenario 3), it is likely that 
these estimates underestimate the proportion of fish taxa exposed to oil, since significant proportions of 
the larval distributions of many taxa lie outside of the study area.   
 This simulated spill also had a relatively large estimated overlap with fish larvae.  Thirty two of 
the 115 selected fish taxa experienced proportions exposed to oil in excess of 20%, compared to only 7 
for Scenario 1 and 15 for Scenario 2.  These estimates lead to the conclusion that fish larvae in the 
western Gulf of Mexico also appear to be especially vulnerable for the months of April through July.   
 
Hypothesis #5 - Location of Diversity “Hotspots”  
To test the fifth hypothesis, that there are no diversity “hotspots” located in the NGOM where an 
oil spill would prove to have a significant impact on a large number of species, the species richness and 
Shannon’s diversity indices were calculated quarterly for the study area (Figure 15). 
 Since the Shannon’s diversity index was calculated individually for each square, areas that show 
as blue for both species richness and Shannon’s diversity index (most of Q1 and the West Florida Slope 
for Q2) indicate that these areas had fewer number of species and these areas were dominated by a few 
species.  Areas that were yellow and red for species richness and blue for Shannon’s diversity index 
(western coast of Louisiana) suggest that these areas have a relatively high number of species, but are 
dominated by one or more species (low diversity).  Areas exhibiting red for both species richness and 
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Shannon’s diversity index (along the continental shelf break, especially during Q2 and Q3) exhibited a 
high number of species and diversity and were not dominated by a few species and show evidence of 
being diversity “hotspots”.  Areas along the shelf break mark the border between two different ecotones, 
leading to increased species diversity at these locations.   
These diversity estimates do not account for rarefaction, which states that the more often a site is 
sampled, the more species will be encountered, so rarefaction curves must be constructed to make true 
conclusions on the species diversity in these areas.  Based on preliminary analyses, however, oil spills 
that occur within these spatial areas and during these months could potentially lead to increased oil 
exposure to a higher number of fish taxa.  It thus appears that oil spills can have a differential impact on 
species biodiversity depending on the region (e.g. shelf break) and time (e.g. quarter 3) they occur.   
 
Comparison of Scenarios 1 – 4 
 The West Florida Slope spill (Scenario 3) had the largest estimated potential exposure for 63 of 
the 115 selected taxa (54%).  The western GOM spill (Scenario 4) and the autumn spill (Scenario 2) had 
the next largest exposures at 26 (22%) and 22 (19%), respectively, of the 115 selected taxa experiencing 
the highest potential exposure as a result of these spills.  The DWH spill (Scenario 1), actually had the 
lowest number of species affected, 7 (6%) of the 115 taxa (Figure 16).   
 The distributions of the proportions of fish larvae potentially exposed vary for the four scenarios 
and the medians of the proportion of each taxon exposed for each scenario were 5%, 6%, 16% and 11% 
for scenarios 1 through 4 respectively.  In addition to higher median proportions of larvae exposed, 
scenarios 3 and 4 demonstrated more variability within the estimates (Figure 17).     
Bluefin tuna (Thunnus thynnus)  
 
 Bluefin tuna is a highly migratory species with a significant economic importance to commercial 
and recreational fisheries.  Bluefin tuna spawn in the Gulf of Mexico between late April and May 
(Muhling et al. 2010).  I estimated the potential exposure to DWH oil in Scenario 1 for the larvae of 
Bluefin tuna to be 14.5%.  This number is slightly higher, but likely not statistically different than other 
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estimates for Bluefin tuna which may be attributed to the fact that this model counted oil as being present 
for all of April, as opposed to starting on April 20
th
 (Muhling et al. 2012).  I estimated the overlap of 
Bluefin Tuna and surface oil to be zero for Scenario 2, 44.9% for Scenario 3, and 62.3% for Scenario 4.  
This large proportion of overlap of Bluefin Tuna larvae found in the western GOM (Scenario 4) agrees 
with the hypothesis by (Muhling et al. 2012), predicting that large numbers of Bluefin tuna were in the 
western GOM during the DWH oil spill. 
Red Snapper (Lutjanus campechanus)  
 
 Red snapper spawn offshore between May and September with maximum spawning occurring 
June through August (Gallaway et al. 2009).  I estimated that the larvae of Red Snapper were likely 
minimally exposed to oil during the DWH spill with a 5% overlap of the surface oil.  Similar low 
estimates of potential exposure at 6.1% and 3.4% occurred in scenarios 2 and 3 respectively.  In scenario 
4, an estimated 18.2% of Red snapper larvae are potentially exposed to oil reflecting the dominance of the 
red snapper stock biomass in the WGOM (SEDAR 2013 and 2009; Porch 2007).   
 There is some evidence that Red snapper populations are increasing on the West Florida Slope 
(SEDAR 2013 and 2009), but this study did not demonstrate a statistically significant increase in Red 
snapper larval abundance in that area over time.  Red snapper larval distributions by 10 year increments 
are given in Figure 18.   
 
Summary 
This study estimated the fraction of fish larvae co-occurring with the surface expression of oil 
from the DWH spill.  My results indicated significant taxon effects and relatively high levels of spatial 
overlap with a large number of fish taxa.  Because of the non-uniform distribution of oil, even within 
surface slicks, for most studies these estimates should be considered maximum estimates of proportions 
of oiled larvae.  Not all oiled larvae will necessarily die, although oil concentrations as low as 0.4 ppb are 
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known to result in significant impairment (Carls et al. 1999).  Despite these caveats, the estimates herein 
should point to those fish taxa for which first year survivorship and DWH impacts should be a concern.  
This study also produced a model to generate these estimates of overlaps based on larval 
distribution and an oil spill surface to predict the proportion of larvae of various taxa of fishes that 
potentially would have been exposed to three hypothetical oil spill scenarios that differed from the DWH 
spill.  These hypothetical oil spills also yielded estimates of significant potential exposure to oil for larval 
fish populations and in some cases more extensive proportions than seen from the DWH oil spill 
estimates. 
   Model estimates of the proportion of larvae of taxa of fishes selected for this study potentially 
exposed to oil under simulated scenarios demonstrate utility as planning tools for the risk assessment of 
potential oil drilling sites and for the prediction of impacts from future oil spills.  These analyses have the 
potential to offer an important new tool box for oil planners and organizations responsible for responding 
to oil spill events.  Understanding which fish taxa are at risk will add useful information when reviewing 
response alternatives and may potentially minimize the impacts of oil spills in the future. 
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Figures 
 
Figure 16.  Taxa are counted by the scenario which estimated their highest potential exposure to oil.  Of 
the 115 included taxa, scenario 3 (West Florida Slope) had the largest potential exposure to oil for 63 of 
the species (53%).  
 
 
 
Figure 17.  Distribution of proportions potentially exposed to oil for all 115 fish taxa for each scenario. 
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Figure 18.  Red snapper larval distribution over ten year periods.  No trend seen in movement of larvae 
onto the Florida shelf, but a likely significant increase into the WGOM. 
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Figure 18.  (Continued)  Red snapper larval distribution over ten year periods.  No trend seen in 
movement of larvae onto the Florida shelf, but a likely significant increase into the WGOM. 
   
Esri, HERE, DeLorme, MapmyIndia, © OpenStreetMap contributors,
and the GIS user community
80°W82°W84°W86°W88°W90°W92°W94°W96°W
34°N
32°N
30°N
28°N
26°N
24°N
22°N
20°N
2002-2009 
Red Snapper Abundance #/10m^2
0 - 2.2
2.2 - 7.4
7.4 - 13.9
13.9 - 23.8
23.8 - 43.9
 90 
 
 
 
 
 
REFERENCES 
 
 
Brekke C, Solberg AHS (2005) Oil spill detection by satellite remote sensing. Remote Sensing of 
Environment 95(1): 1–13.  
 
Carls MG, Rice SD, Hose JE (1999) Sensitivity of fish embryos to weathered crude oil: Part I. 
Low-level exposure during incubation causes malformations, genetic damage, and mortality in 
larval pacific herring (Clupea pallasi). Environmental Toxicology and Chemistry 18(3): 481–493.  
 
DeGouw JA, Middlebrook AM, Warneke C, Ahmadov R, Atlas EL, et al. (2011) Organic Aerosol 
Formation Downwind From the Deepwater Horizon Oil Spill, Science 331:1295. 
 
Ditty JG, Bourgeois M, Kasprzak R, Konikoff M (1991) Life history and ecology of sand seatrout 
Cynoscion arenarius Ginsburg, in the northern Gulf of Mexico: A review. Northeast Gulf 
Science, 12(1), 35–47. 
 
Efron B (1979) Bootstrap Methods: Another Look at the Jackknife. The Annals of Statistics 7(1): 
1–26.  
 
Fahay MP (2007) Early stages of fishes in the Western North Atlantic Ocean (p. 1170). NAFO. 
 
Felder DL, (Ed.). (2009) Gulf of Mexico origin, waters, and biota: Biodiversity (Vol. 1). Texas 
A&M University Press. 
 
Finucane JH, Brusher HA, Collins LA. (1980) Spawning of bluefish, Pomatomus saltator, in the 
northeastern Gulf of Mexico. Northeast Gulf Sci., Dauphin Island 4.1: 57-59. 
 
Gallaway BJ, Szedlmayer ST, Gazey WJ (2009) A Life History Review for Red Snapper in the 
Gulf of Mexico with an Evaluation of the Importance of Offshore Petroleum Platforms and Other 
Artificial Reefs. Rev. Fish. Sci. 17, 48–67. 
 
Garcia-Pineda, O., MacDonald, I. R., Li, X., Jackson, C. R., & Pichel, W. G. (2013). Oil spill 
mapping and measurement in the Gulf of Mexico with Textural Classifier Neural Network 
Algorithm (TCNNA). IEEE Journal of Selected Topics in Applied Earth Observations and 
Remote Sensing, 6(6), 2517–2525. doi:10.1109/JSTARS.2013.2244061 
 
Gohrbandt KH (2001) West Florida shelf and slope, prime target for gas, oil in eastern Gulf of 
Mexico: Oil & Gas Journal. June 11: 41-48. 
 
Grimes CB, Finucane JH, Collins LA, DeVries DA (1990) Young King Mackerel, 
Scomberomorus cavalla, in the Gulf of Mexico, a Summary of the Distribution and Occurrence of 
Larvae and Juveniles, and Spawning Dates for Mexican Juveniles. Bulletin of Marine Science 
46(3): 640–654. 
 
 
 91 
 
Hamilton P, Donohue KA, Leben RR, Lugo-Fernández A, Green RE (2011) Loop Current 
observations during spring and summer of 2010: Description and historical 
perspective. Monitoring and Modeling the Deepwater Horizon Oil Spill: A Record-Breaking 
Enterprise, Geophys. Monogr. Ser, 195, 117-130. 
 
Hanisko, DS (2013) SEAMAP Ichthyoplankton Databases Documentation – Using SEAMAP 
Ichthyoplankton Data. 
 
Hanisko DS, Lyczkowski-Shultz J, Ingram GW (2007) Indices of Larval Red Snapper 
Occurrence and Abundance for Use in Stock Assessment. American Fisheries Society 
Symposium (60): 285–300. 
 
Hicken CE, Linbo TL, Baldwin DH, Willis ML, Myers MS, et al. (2011) Sublethal exposure to 
crude oil during embryonic development alters cardiac morphology and reduces aerobic capacity 
in adult fish. Proceedings of the National Academy of Sciences of the United States of America 
108(17): 7086–7090.  
 
Houde ED (2008) Emerging from Hjort’s shadow. Journal of Northwest Atlantic Fishery Science, 
41, 53–70.  
 
Incardona JP, Collier TK, Scholz NL (2004) Defects in cardiac function precede morphological 
abnormalities in fish embryos exposed to polycyclic aromatic hydrocarbons. Toxicology and 
Applied Pharmacology 196(2): 191–205. 
 
Incardona JP, Swarts TL, Edmunds RC, Linbo TL, Aquilina-Beck A, et al. (2013) Exxon Valdez 
to Deepwater Horizon: Comparable toxicity of both crude oils to fish early life stages. Aquatic 
Toxicology 142-143: 303–316. 
 
Ibáñez AL, Gutiérrez Benítez O (2004) Climate variables and spawning migrations of the striped 
mullet and white mullet in the north-western area of the Gulf of Mexico. Journal of Fish Biology, 
65(3), 822–831.  
 
Johnson DR, Perry HM, Lyczkowski-Shultz J, Hanisko D (2009) Red Snapper Larval Transport 
in the Northern Gulf of Mexico. Transactions of the American Fisheries Society 138(3): 458–470.  
 
Kokaly RF, Couvillion BR, Holloway JM, Roberts DA, Ustin SL, et al. (2013) Spectroscopic 
remote sensing of the distribution and persistence of oil from the Deepwater Horizon spill in 
Barataria Bay marshes. Remote Sensing of Environment 129: 210–230.  
 
Le Hénaff M, Kourafalou VH, Paris CB, Helgers J, Aman ZM, et al. (2012) Surface evolution of 
the Deepwater Horizon oil spill patch: combined effects of circulation and wind-induced drift, 
Environmental Science & Technology, doi:10.1021/es301570w 
 
Leifer I, Lehr WJ, Simecek-Beatty D, Bradley E, Clark R, et al. (2012) State of the art satellite 
and airborne marine oil spill remote sensing: Application to the BP Deepwater Horizon oil spill. 
Remote Sensing of Environment 124: 185–209.  
 
Lindo-Atichati D, Paris CB, Le Hénaff M, Schedler M, Valladares Juárez aG, et al. (2014) 
Simulating the effects of droplet size, high-pressure biodegradation, and variable flow rate on the 
subsea evolution of deep plumes from the Macondo blowout. Deep Sea Research Part II: Topical 
Studies in Oceanography 1–10.  
 92 
 
Lubchenco J, McNutt MK, Dreyfus G, Murawski SA, Kennedy DM, et al. (2012) Science in 
support of the Deepwater Horizon response. Proceedings of the National Academy of Sciences of 
the United States of America 109(50): 20212–20221. 
 
Lyczkowski-Shultz J, Hanisko DS, Sulak KJ, Bond PJ (2013) Characterization of 
Ichthyoplankton in the Northeastern Gulf of Mexico from SEAMAP Plankton Surveys , 1982 — 
1999.  Gulf and Caribbean Research 25 
 
Lyczkowski-Shultz J, Ruple DL, Richardson SL, Cowan JH (1990) Distribution of Fish Larvae 
Relative to Time and Tide in a Gulf of Mexico Barrier Island Pass. Bulletin of Marine Science 
46(3): 563–577. 
 
Magnuson JJ, Block BA, Deriso RB, Gold JR, Grant WS, et al. (1994) An Assessment of Atlantic 
Bluefin Tuna. National Academy Press, Washington 
 
Marancik K, Richardson DE, Lyczkowski-Shultz J, Cowen R, Konieczna M (2012) Spatial and 
temporal distribution of grouper larvae (Serranidae: Epinephelinae: Epinephelini) in the Gulf of 
Mexico and Straits of Florida. Fishery Bulletin 110: 1–20.  
 
McNutt MK, Chu S, Lubchenco J, Hunter T, Dreyfus G, et al. (2012) Applications of science and 
engineering to quantify and control the Deepwater Horizon oil spill. Proceedings of the National 
Academy of Sciences of the United States of America 109(50): 20222–20228.  
 
Minchew B, Jones CE, Holt B (2012) Polarimetric Analysis of Backscatter From the Deepwater 
Horizon Oil Spill Using L-Band Synthetic Aperture Radar. IEEE Transactions on Geoscience and 
Remote Sensing 50(10): 3812–3830.  
 
Muhling BA, Lamkin JT, Roffer MA (2010) Predicting the occurrence of Atlantic bluefin tuna 
(Thunnus thynnus) larvae in the northern Gulf of Mexico: Building a classification model from 
archival data. Fisheries Oceanography, 19(6), 526–539. 
 
Muhling BA, Roffer MA, Lamkin JT, Ingram GW, Upton MA, et al. (2012) Overlap between 
Atlantic bluefin tuna spawning grounds and observed Deepwater Horizon surface oil in the 
northern Gulf of Mexico. Marine Pollution Bulletin, 64(4), 679–87.  
 
Murawski SA, Hogarth WT, Peebles EB, Barbeiri L (2014) Prevalence of External Skin Lesions 
and Polycyclic Aromatic Hydrocarbon Concentrations in Gulf of Mexico Fishes, Post-Deepwater 
Horizon. Transactions of the American Fisheries Society 0:1–14. 
 
NMFS (National Marine Fisheries Service) (2013) Fisheries of the United States 2013. Silver 
Spring, MD. Available: 
https://www.st.nmfs.noaa.gov/Assets/commercial/fus/fus13/FUS2013.pdf [accessed 2 April 
2015]. 
 
Paris CB, Helgers J, Van Sebille E, Srinivasan A (2013) Connectivity Modeling System (CMS): 
A multi-scale tool for the tracking of biotic and abiotic variability in the ocean, Environmental 
Modelling & Software, 42: 47-54 
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APPENDIX 
 
1.  Selected 115 taxa included in study (bolded)   
 
SELECTED TAXA COMMON NAME 
Acanthuridae surgeonfishes and tangs 
Apogonidae cardinalfishes 
Bothidae lefteye flatfishes 
     Bothus spp. lefteye flatfishes 
     Engyophrys senta American spiny flounder 
Bregmacerotidae codlets 
     Bregmaceros spp. codlets 
Carangidae jacks, pompanos, runners, scads 
     Caranx spp. jacks, trevallies, kingfishes 
     Chloroscombrus chrysurus Atlantic bumper 
     Decapterus punctatus Round scad 
     Oligoplites saurus Leatherjacket 
     Selar crumenophthalmus Bigeye scad 
     Selene spp. lookdowns 
     Seriola spp. amberjacks 
     Trachurus lathami Rough scad 
Carapidae pearlfishes 
Chaetodontidae butterfly fishes 
Chlorophthalmidae greeneyes 
     Chlorophthalmus agassizi Shortnose greeneye 
Clupeidae herrings, shads, sardines, menhadens 
     Brevoortia spp. menhadens 
     Etrumeus teres Round herring 
     Harengula jaguana Scaled sardine 
     Opisthonema oglinum Atlantic thread herring 
     Sardinella aurita Round sardinella 
Coryphaenidae dolphinfishes 
     Coryphaena spp. dolphinfishes 
Cynoglossidae tonguefishes 
     Symphurus spp. tonguefishes 
Elopidae ladyfish, skipjacks 
Engraulidae anchovies 
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Gempylidae snake mackerels 
     Diplospinus multistriatus Striped escolar 
     Gempylus serpens Snake mackerel 
     Nesiarchus nasutus Black gemfish 
Gonostomatidae bristlemouths, lightfishes 
     Bonapartia pedaliota Longray fangjaw 
     Margrethia obtusirostra Bighead portholefish 
Haemulidae Grunts 
Holocentridae squirrelfishes 
Istiophoridae marlins 
Labridae wrasses 
Lobotidae tripletails 
     Lobotes surinamensis Atlantic tripletail 
Lutjanidae snappers 
     Lutjanus spp. snappers 
     Lutjanus campechanus Red snapper 
     Lutjanus griseus Gray snapper 
     Pristipomoides spp. snappers 
     Pristipomoides aquilonaris Wenchman 
     Rhomboplites aurorubens Vermilion snapper 
Luvaridae Louvar 
     Luvarus imperialis Louvar 
Melamphaidae ridgeheads, bigscales 
Mugilidae mullets 
Mullidae goatfishes 
Muraenidae moray eels 
Myctophidae lanternfishes 
     Benthosema suborbitale Smallfin lanternfish 
     Ceratoscopelus warmingii Warming's lanternfish 
     Diogenichthys atlanticus Longfin lanternfish 
     Hygophum reinhardtii Reinhardt's lanternfish 
     Myctophum spp. lanternfishes 
     Notolychnus valdiviae Topside lanternfish 
Ophichthidae snake eels, worm eels 
     Aplatophis chauliodus Fangtooth snake-eel 
     Myrophis punctatus Specked worm-eel 
     Ophichthus gomesii Shrimp eel 
     Ophichthus rex King snake eel 
Paralepididae barracudinas 
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Paralichthyidae large tooth flounders, sand flounders 
     Citharichthys spp. large tooth flounders 
     Cyclopsetta spp. large tooth flounders 
     Etropus spp. large tooth flounders 
     Syacium spp. large tooth flounders 
Phosichthyidae bristlemouths/lightfishes 
     Pollichthys mauli Stareye lightfish 
     Vinciguerria spp. bristlemouths 
Pomacanthidae angelfish 
Pomatomidae Bluefish 
     Pomatomus saltatrix Bluefish 
Priacanthidae bigeyes 
Rachycentridae Cobia 
     Rachycentron canadum Cobia 
Scaridae parrotfishes 
Sciaenidae drums, croakers 
     Bairdiella chrysoura Silver perch 
     Cynoscion spp. drums 
     Cynoscion arenarius Sand seatrout 
     Cynoscion nebulosus Spotted seatrout 
     Larimus fasciatus Banded drum 
     Leiostomus xanthurus Spot 
     Micropogonias undulatus Atlantic croaker 
     Sciaenops ocellatus Red drum 
     Stellifer lanceolatus American stardrums 
Scombridae mackerels, tunas, bonitas 
     Acanthocybium solandri Wahoo 
     Euthynnus alletteratus Little tunny 
     Katsuwonus pelamis Skipjack tuna 
     Scomber spp. mackerels 
     Scomber colias Atlantic chub mackerel 
     Scomberomorus cavalla King mackerel 
     Scomberomorus maculatus Spanish mackerel 
     Thunnus spp. tunas 
     Thunnus thynnus Bluefin tuna 
Serranidae seabass, sea perches, groupers 
     Anthias spp. reeffish, jewelfish 
     Hemanthias spp. reeffish 
     Serraniculus pumilio Pygmy sea bass 
Sparidae sea breams, porgies 
     Lagodon rhomboides pinfish 
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Sternoptychidae hatchetfishes, pearlsides 
Stomiidae barbeled dragonfishes 
     Chauliodus spp. viperfishes 
Stromateidae butterfishes 
     Peprilus burti Gulf butterfish 
     Peprilus paru American harvestfish 
Synodontidae lizardfishes 
     Synodus spp. lizardfishes 
Xiphiidae Swordfish 
     Xiphias gladius Swordfish 
 
